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DI-ISOPROPYL-FLUOROPHOSPHATE 
(DFP) is a compound (completely unre- 
lated chemically to neostigmine or physos- 
tigmine) which has been shown to produce 
marked inhibition of serum, red cell, mus- 
cle and brain cholinesterase for long 
periods of time. The rates of restoration 
of these activities are very slow following 
administration of DFP and consequently 
the effects of DFP are far more prolonged 
than those of neostigmine or physostig- 
mine.’ When instilled into the conjunc- 
tival sac, 0.1% DFP produces intense 
miosis which may persist for days or 
weeks; this action has been found to 
be of considerable value in the treatment 
of glaucoma and in overcoming atropine 
mydriasis.» When given systemically in 
small doses, its only detectable effects are 


* Supported in part by Kirby-McCarthy Funds. 


the inhibition of plasma and then red cell 
cholinesterase; large doses produced stimu- 
lant effects upon skeletal muscle, and still 
larger doses lead to increased gastro-intes- 
tinal activity and (in some patients) ef- 
fects upon the central nervous system. 
Because of its pronounced and prolonged 
anticholinesterase action, one of us (A. G.) 
considered it desirable to evaluate its 
effects upon patients with myasthenia 
gravis. Since many investigators believe 
that the symptoms of myasthenia gravis 
are due to an insufficiency of acetylcholine 
at the myoneural junction,t it seemed a 
matter of great theoretical importance to 
determine whether this new anticholin- 
esterase agent was capable of increasing 
muscle strength in myasthenic patients. 
If DFP could be shown to possess this 


t This insufficiency may be due to decreased formation of acetylcholine (faulty metabolism), to 
intreased cholinesterase activity at the myoneural junctions or to decreased activity of acetylcholine 
due to the presence of antagonistic circulating curare-like substances. 
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property, its prolonged action would be 
important clinically by reducing the num- 
ber of doses of drug needed and hy pro- 
viding a relatively constant effect through- 
out its period of action. 

Method. In order to evaluate the 
efficacy of DFP, both subjective improve- 
ment noted by patients and observers and 
objective tests were employed.'® When- 
ever possible, a comparison was made of 
the effects of DFP and neostigmine. 

The effects of DFP or neostigmine upon 
muscle weakness, ptosis, swallowing func- 
tion, appetite and hand dynamometer 
readings were noted by each patient and 
by one observer (J. T.) 3 times daily 
throughout the investigation. In addition, 
certain tests were performed in duplicate 
daily by each patient. These consisted of: 

(a) A Dynamic Finger Test. The left 
arm was firmly enclosed in a plaster cast 
from above the elbow to the proximal 
phalanges to prevent movement of any 
muscles except those of the left forefinger. 
A light metal splint was then fastened 
with adhesive tape to the back of the 
forefinger to prevent flexion at any joint 
except at the phalangeal metacarpal. To 
the middle phalanx was attached a cloth 
ring, + inch wide; strong twine led from 
this to a pulley and a standard weight of 
840 gm. The weight could thus be pulled 
up and down (on guide bars) by the finger 
and the rate and extent of this movement 
was recorded on kymograph paper by an 
ink writer attached to the weight. The 
maximal amplitude through which the 
finger could be flexed and extended pas- 
sively was recorded before each test. A 
rate of 60 complete pulls per minute was 
then imposed upon the subject by a 
metronome. The subject was instructed 
to pull as vigorously as possible at this 
rate for 30 seconds. 

(b) A Static Finger Test. The same 
apparatus (splints and weight) was used, 
but in this test the finger was pulled for- 
ward to an angle of 90° and the subject 
was instructed to hold the finger there 
with weight attached, as long as possible. 
Typical records of the dynamic and static 
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tests are shown in Figure 1. In both the 
dynamic and static tests a rectangular 
area enclosing the maximal possible con- 
traction for 10 seconds was measured by 
a planimeter for each test and this was 
considered as 100 %; the area on the record 
enclosed in each 10 second portion of the 
30 second test was measured similarly and 
the per cent of maximum is indicated as 
static or dynamic tests 1, 2 and 3 in 
Tables 2, 4 and 5. A normal individual 
can perform for many minutes without 
any decrease in performance, but myas- 
thenic patients generally tire within 10 
seconds. 

(c) Maximal Breathing Capacity. This 
was employed in some subjects as a dyna- 
mic vital capacity test’ for measurement 
of strength of the respiratory muscles. 
The individual was instructed to breathe 
as rapidly and as deeply as possible for 
30 seconds; the expired air was collected 
in a spirometer and the volume was meas- 
ured for the first and second 15 second 
periods separately. 

(d) Hand dynamometer tests were per- 
formed 3 times daily. 

Patient L. G. had marked right monocu- 
lar myasthenia gravis. In this case, in 
addition to the above tests, special ocular 
measurements were made so that objec- 
tive comparison might be made of the 
effects of neostigmine and DFP on the 
extraocular muscles. Ocular muscle move- 
ments were measured by the screen and 
parallax method. The patient’s head was 
placed in the head-rest of a Zeiss perim- 
eter. The right eye was centered on the 
central fixation point when the right field 
of rotations was tested. The left eye was 
centered on testing the left field of rota- 
tions. The light of fixation was placed 
30° from fixation in the 6 cardinal direc- 
tions of gaze. By using the perimeter for 
measurements, some of the errors usually 
encountered in the estimation of squints 
and phorias were decidedly lessened. The 
distance from the eye to the point of 
fixation was constant in the 6 cardinal 
directions, and could be duplicated. The 
prisms were held approximately 2 cm. 
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DI-ISOPROPYL—FLUOROPHOSPHATE (DFP) 


from the eye and careful attention was 
paid to the position in which the prisms 
were held. Attempts were thus made to 
avoid the errors inherent in this method 
of measurement as described by Putnam 
and Quereau.!” 

In most of the subjects, mechanical 
myograms and electromyograms were re- 
corded following supramaximal stimula- 
tion of the ulnar nerve; recordings were 
made from the fifth finger.6 Rates of 
stimulation were 5, 20, 30, 40 and 55 per 
second. 
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ity, or indeed of enzyme activity in gen- 
eral, after therapy requires close scrutiny. 
When the substance which forms a readily 
reversible compound with cholinesterase 
and thus inhibits its activity, is adminis- 
tered therapeutically, the observed cholin- 
esterase activity of the drawn serum or 
red cells depends upon the degree of dis- 
sociation of the cholinesterase inhibitor 
complex. This in turn depends, among 
other factors, on the dilution of serum or 
red cells in the final reaction mixture. 
Straus and Goldstein?’ have studied in 
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Static (left) and dynamic (center and right) work tests in Patient 6 before DFP (upper record) 


and 12 hours after the injection of 3 mg. of DFP (lower record). 


The effect of DFP upon the function 
of the liver, kidneys, heart, hematopoietic 
systems and upon other body functions 
was evaluated carefully in each patient; 
these studies were essentially negative 
and have been reported elsewhere.‘ 

Cholinesterase determinations were done 
before and during DFP therapy by a 
modification of Ammon’s method." It is 
of interest to note that plasma and red 
cell cholinesterase were within the normal 
tange in all of our untreated myasthenic 
patients. In Table 1 are shown the 
physical characteristics of the 7 patients, 
the treatment course employed, and the 
lowest cholinesterase levels attained dur- 
ing DFP therapy. The interpretation of 
the measurement of cholinesterase activ- 


detail the inhibition of dog and horse 
serum cholinesterase by physostigmine 
and have shown how the cholinesterase 
activity of the serum at any dilution may 
be corrected so as to represent the cholin- 
esterase activity of the undiluted serum 
in vivo. 

Neostigmine and other compounds have 
also been shown to form reversible com- 
plexes with cholinesterases.2, However, no 
study of the effect of neostigmine on 
cholinesterase, similar to that of Straus 
and Goldstein on physostigmine, has yet 
been made. A number of determinations 
of cholinesterase activity in our patients 
showed, as might have been expected, 
that after the administration of neostig- 
mine, the enzyme activity varied with 
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the dilution of the enzyme and the stage 
of the reaction. In view of these con- 
siderations and since we were not in a 
position to evaluate comprehensively the 
effect of neostigmine at various enzyme 
concentrations, we have not recorded any 
cholinesterase activities after neostig- 
mine administration. 
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was possible in this patient. She required 
no further medication for 3 weeks, during 
which time her plasma cholinesterase activ- 
ity rose from 2 to 122% and red cell cholines- 
terase from 37 to 50% of the control values. 
The myasthenic syniptoms then reappeared. 
To evaluate possible psychic components in 
this patient’s symptomatology she was 
given injections of sterile saline solution. 


TaBLe 1.—SumMary oF DFP Tuerapy In Patients WitH MyastTHENIA GRAVIS 


Total mg. DFP 
DF 

wt. ———~———._ period 

Patient Sex Age lbs. I.M. Orally (days) 
1. B.G. F 25 148 11.0 29 
2. 8.C. I 29 128 25.6 «a 32 
17.0 168 117 

3. L. G. M 54 131 3.0 28 8 
4. R.G. F 21 107 2.5 1 
5. R. W. F 25 90 5.0 92 26 
6. A. D. F 38 93 13.0 60 50 
i FP I 35 94 5.5 12 6 


In contrast, Mazur and Bodansky show- 
ed that the inhibition of human serum by 
DFP is not readily reversible and that 
dilution of serum from a DFP injected 
animal does not influence the relative 
activity of cholinesterase on dilution of 
the serum.’ These observations have 
been amply confirmed in the present study 
and accordingly cholinesterase determina- 
tions after DFP administration have been 
used as measures of the enzyme activity 
in vivo following DFP administration. 


Results. Patient 1 (H. G.) had mya- 
sthenia gravis of 4 years duration. Her 
outstanding symptoms were difficulty in 
swallowing and speaking, and weakness of 
arms, legs, neck and eyelids. Previous 
therapy had included irradiation over the 
region of the thymus gland and neostig- 
mine. Electromyographic studies coupled 
with characteristic neostigmine, quinine and 
erythroidine tests confirmed the diagnosis 
of myasthenia gravis. This patient showed 
a dramatic improvement after the adminis- 
tration of 7 mg. of DFP intramuscularly 
over a period of 5 days, as judged by subjec- 
tive symptoms, general appearance and hand 
dynamometer performances; no objective 
quantitative comparison with neostigmine 


treatment observation 


Lowest 
cholinesterase 
activity during 


Period of DFP therapy 








post-treat- Plasma R.B.C, 
ment (days) (%) (%) Remark 
295 2 24 Myasthenia gravis 
85 2 15 Myasthenia gravis 
67 
38 0 26 Ocular myasthenia gravis 
5 5 74 Severe myasthenia grav- 
is; patient requested 
release from hospital; 
died 6 months later 
11 0 25 Severe myasthenia grav- 
is; died at home 1 
month later 
30 0 5 Severe myasthenia grav- 
is; died at home 1 
month later 
3 1 18 Old myasthenia gravis 


Since this procedure resulted in almost com- 
plete return of strength, the patient was no 
longer studied. 

Patient 2 (S. C.) had developed ptosis of 
her lids, double vision, difficulty in speech 
and swallowing, and limb weakness 4 years 
before this study. For the past 3 years she 
had been taking 15 mg. of neostigmine bro- 
mide 6 to 8 times daily as her sole form of 
therapy; under this régime she had been able 
to continue in her secretarial position. The 
electromyograph, erythroidine and intocos- 
trin (curare) tests, ard tke static and dynamic 
finger tests revealed a typical picture of mya- 
sthenia gravis. This patient was given a 
prolonged course of intramuscular and oral 
DFP therapy both as an in and out patient. 
As a rule, marked subjective and objective 
improvement followed its use. Of the 
hundreds of tests done upon this patient, 
several representative results are shown in 
Table 2. The static and dynamic finger tests 
indicated that the associated muscles im- 
proved upon DFP therapy almost to the 
same degree as during neostigmine treatment 
(Table 2). During DFP therapy, she was 
able to lead a normal life in the hospital 
without neostigmine for 2 weeks, though 
she had formerly required daily amounts of 
120 mg. neostigmine bromide orally. How- 
ever, when she returned to her position as 
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secretary and typist, she was unable to per- 
form a full day’s work without additional 
neostigmine. During a 3 week period, she 
received 1 or 2 injections a week of 2 to 
3 mg. DFP intramuscularly. On the day of 
the injection she required little or no neo- 
stigmine, but within 1 to 2 days, 40 to 
60 mg. daily were needed. Attempts to 
increase the dose of DFP intramuscularly 
led to severe nausea and vomiting. Later 
she was given daily oral doses of DFP, and 
this served to reduce the amount of neo- 
stigmine needed. This patient requested 
prolonged treatment with DFP because of 
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visual blurring completely. Physical exam- 
ination revealed ptosis of the right upper 
eyelid and weakness of the right inferior 
oblique and right inferior rectus muscles. 
The left eye was normal. 

This patient had myasthenia gravis limited 
to the right eye since muscle function tests 
done upon the hands and fingers revealed 
no weakness even with prolonged testing. 
Consequently the comparison of the effec- 
tiveness of DFP and neostigmine was carried 
out entirely upon the extraocular muscles. 
Measurements were made before and 30, 
35, 45 minutes and 6 hours after injection 


TABLE 2.—EFrect oF NEOSTIGMINE AND DFP Upon Musc.e Function Tests IN Patient 2 (S. C.) 
% of possible maximum 
by 10 second periods 
Static Dynamic Dyna- 
Hours after drug test test mometer 
Dose test was ao — + ~—--——. R.B.C. 
Date Drug (mg.) performed 1 > 3 1 2 3 a. mm Ch. E. 
4/25/45 Neostigmine 1.5 (i.m.) 14 97 97 91 98 96 88 55 («64 * 
4/27/45 DFP 3.0 (i.m.) 7 86 87 63 91 90 73 51 50 33% 
5/3/45 DFP 3.0 (i.m.) 13 97 100 89 96 90 .. 40 45 22% 


99 100 84 99 92 


* See under Methods for explanation of omission of cholinerase following neostigmine. 


TABLE 3. 


Errect oF NEOSTIGMINE AND DFP on MyYasTHENIC EXTRAOCULAR MUSCLES 


IN PaTIENT 3 (L. G.) 


Without medication 


N 
nN © o pe 

2 2 = 2 

; = = = = 

Direction of gaze 
Up and to right a 3t 0 0 0 
Horizontally andtoright . 1* 1* 1* 1* 
Down and to right ee 15* 20* 15* 
Upandtoleft. . . . 25tf 25T 25t 25tT 
Horizontally and to left . 8t 8t 12+ 8t 
Down andtoleft . . . 0 It 0 2t 
Fissure size OD (mm.) . 2 3 3 < 
Fissure size OS (mm.) - 10.5 10 11 9 


* Right hyperphoria. 
+ Left hyperphoria. 


the overnight effect of the drug; she felt 
much less weak upon awakening each morn- 
ing than when maintained on neostigmine 
alone. In this patient, DFP definitely re- 
duced the simultaneous neostigmine require- 
ment, but could not replace it entirely be- 
cause of the development of nausea and 
vomiting (not always controlled by atropine). 

Patient 3 (L. G.) had complete ptosis of 
his right eyelid associated with marked 
visual blurring when this lid was propped 
open. Previous therapy had consisted of 
the administration of 15 mg. of neostigmine 
bromide 6 times daily which relieved this 
ptosis in large part but did not relieve his 


After DFP (3 mg.) 


——— 


After prostigmine (1.5 mg.) 





> > a> - dus 
ag o's >a og ~e 
. ~ & -— 5 . * 
Zo a0 a9 = 15 — 
=% = 03 o+ =n 
eo y ede ~ =~ aL 
Prism diopters 
lt 0 37 0 0 0 
0 1* 3* 1* 0 
15* 15* 15* 20* 15* 15* 
15t 15t 20t 25t 25t 25t 
5t 0 it 3t 10+ 10+ 
0 0 0 0 0 3* 
10 8 Ss 3 5 
10.5 9.5 9 10 9.5 9 


of 1.6 mg. neostigmine on each of 3 occa- 
sions. On different days, measurements 
were made before and after the intramuscu- 
lar injection of 3 mg. of DFP. In addition 
the width of the palpebral fissures was meas- 
ured before and after each injection. The 
results are recorded in Table 3. 

It is evident that neostigmine had only 
a slight effect upon the myasthenic extra- 
ocular muscles, but a definite effect upon 
the levator palpebrarum. DFP had less 
effect than neostigmine on the extraocular 
muscles and the levator despite the fact 
that large enough amounts of DFP were 
given to cause repeated nausea and vomit- 
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ing. Though less powerful, the DFP action 
was more prolonged, and some effects per- 
sisted for 24 hours whereas that of neo- 
stigmine was gone within 6 hours. It is of 
interest to note that local administration 
of neostigmine (by iontophoresis of a 5% 
solution through the right lid) produced 
definite improvement locally for less than 
6 hours. 

Patient 3 (R. G.) had marked muscular 
weakness throughout her body for the past 
2 years. She had great difficulty in speaking 
and swallowing and on several occasions 
had experienced attacks of dyspnea and 
tightness in the chest. Her therapy has con- 
sisted of 6 to 7 hypodermic injections of 
0.5 mg. of neostigmine methyl sulfate and 
two 15 mg. oral tablets of neostigmine bro- 
mide daily. The electromyogram, static 
and dynamic finger tests, and maximal 
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to 36 hours. The patient refused further 
treatment; she died at home 6 months later. 

Patient 5 (R. W.) had severe myasthenia 
of 7 years duration. In the past 2.months 
she had several periods of respiratory failure 
and asphyxia. She had been taking 15 mg. 
of neostigmine orally every 3 hours during 
the day and every 6 hours at night. Re- 
cently she failed to get relief from even 
30 mg. of neostigmine orally and hypodermic 
injections have been required several times 
daily. The electromyogram, static and 
dynamic finger tests and hand dynamometer 
tests were all confirmatory of the diagnosis; 
these returned toward normal following an 
injection of neostigmine. 

A comparison of the effects of neostigmine 
and DFP upon this patient are shown in 
Table 4. Myasthenic symptoms were so 
severe in this patient that control studies 


TABLE 4.—EFFect oF NEOSTIGMINE AND DFP Upon Muscie Funcrion TEStTs IN 
Patient 5 (R. W.) 


% of possible maximum by 
10 second periods 





— Maximal 

Hours after Static Dynamic breathing Dyna- 

drug tests test test capacity mometer R.B.C. 
Date Dose were Hh —_—_-—- ~~ —_—_- —— _icholiner- 
1945 Drug (mg.) performed 1 2 3 1 2 3 1 2 _:. 2 ase 
6/27 Neostigm. 15 oral 6 9 9 5 15 12 8 5 13 0 0 
6/23 Neostigm. 1. i i. - } 93 86 62 79 71 56 92 87 45 40 
6/26 Neostigm. 1.5i r 90 90 90 99 100 72 ae oe 45 35 
6/25 Neostigm. 1.0i ; 95 95 97 97 80 cA 77 95 45 32 
6/28 DFP 3.0i 23 9 19 ae 14 20 a 80 59 10 0 60% 
6/29 DFP 2.01 on 13 62 59 53 47 48 $s 106 84 20 10 40% 
7/19 DFP 4 oral 2 45 43 43 57 56 os 81 67 20 0 25% 


breathing capacity were all indicative of 
severe myasthenia gravis and all of these 
improved markedly following the injection 
of 1.5 mg. of neostigmine methyl sulfate. 

After an injection of 2.5 mg. DFP (in 
water) intramuscularly, she became nau- 
seated and vomited several times. She 
complained -of dizziness, light headedness 
and faintness. Attempts to obtain objective 
measurements of strength of her finger or 
respiratory muscles failed because of weak- 
ness, malaise and inability to sit in a chair. 
Dynamometer readings were 0. She was 
given neostigmine every 2 hours again and 
after 36 hours had regained her previous state 
of strength. 

In this patient, incapacitating side effects 
of DFP in small dosage prevented an ade- 
quate therapeutic trial with this agent. It 
was apparent, however, that it was unable 
to substitute for neostigmine even for 
4 hours, and that its side effects lasted 24 


could not be performed with all drugs dis- 
continued. However, upon 1 occasion, neo- 
stigmine was withdrawn for a period of 
6 hours; this led to extreme weakness. As 
shown in Line 1 of Table 4 the static finger 
test at this time was only 9% of the maxi- 
mal possible contraction, the dynamic test 
was 15% and the dynamometer reading 
was 0. The next 4 lines of Table 4 show 
the values recorded upon 4 different days 
15 to 60 minutes after the injection of 1 and 
1.75 mg. of neostigmine intramuscularly; 
marked improvement is evident. The last 
3 lines present the values recorded following 
the administration of DFP; in each of these 
no neostigmine had been given for 3 to 
4 hours. It can be seen that, while DFP 
produced considerable improvement in all 
the tests as compared with the control 
values, it never improved the patient’s static, 
dynamic and dynamometer scores to the 
extent that neostigmine did. However, the 
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respiratory muscles were maintained in rela- 
tively good strength by DFP, despite a 
more marked decline in the second of the 
two 15 second periods. 

This patient was highly coéperative and 
intelligent and it is felt that she performed 
to the best of her ability at all times. In 
this case, DFP was unable to substitute 
even in part for neostigmine (see discussion). 
This patient was returned to neostigmine 
therapy, but died in her sleep at home a 
few weeks later. 
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DFP given alone (even to the extent of 
lowering red cell cholinesterase to 5% and 
of producing nausea and vomiting) was 
never able to raise the scores to the high 
levels attained following the addition of 
neostigmine. This table indicates that com- 
bined therapy of DFP and neostigmine may 
yield more improvement than either drug 
alone. This patient died at home 1 month 
later while on neostigmine therapy. 

One experiment upon this patient raises 
some pertinent questions regarding the 


TasLe 5.—Errect or NEOSTIGMINE AND DFP Upon Moscie Function Tests 1n Patient 6 (A. D.) 
% of possible maximum by 


10 second periods 





Maximal 
Hours after Static Dynamic breathing Dyna- 
drug tests test test capacity mometer R.B.C. 
Dose were pa —_sh — ——_ choliner- 
Date Drug (mg.) performed 1 2 3 1 2 3 1 2 Rm. “He ase 
1945 
4/23 Neostigm. 15 oral 4 87 70 56 82 70 55 - i 45 35 
5/3 Neostigm. 1.5 i.m. 2 94 94 92 92 83 59 78 56 
5/3 Neostigm. 1.5 i.m. 23 100 100 87 89 84 72 shi a 50 50 
5/9 Neostigm. 15 oral 1 96 85 8&7 91 73 
1} 100 100 73 = es ¥ Pe 40 45 
5/10 Neostigm. 15 oral 2 93 99 100 96 100 65 
98 100 91 100 99... is eh 40 45 
5/12 Neostigm. 15 oral 3 100 100 100 99 100 89 
90 91 93 96 93 80 e i 45 42 
4/24 DFP 3.0 i.m. 23 87 66 72 60 
44 79 =! a 69 59 26 45 38 45 38 70 
4/29 DFP 2.0 i.m. 19 73 62 48 79 63 ou e = 30 30 61% 
26 64 58 34 = as as wa 30 8630 
5/6 DFP 3.0 im, 26 93 75 48 100 78 - 
263 93 «67 EP ee és a 30 632 25% 


Patient 6 (A. D.) had double vision, diffi- 
culty in swallowing and talking, and gen- 
eralized weakness. She had never had neo- 
stigmine therapy. Her myographic, electro- 
myographic, static and dynamic finger, hand 
dynamometer and maximal breathing capac- 
ity tests were all indicative of myasthenia 
gravis. Intocostrin (curare) and eryth- 
roidine resulted in marked weakness in one- 
tenth the dose required to produce lid ptosis 
in normal individuals and her symptoms 
and tests improved greatly after an injec- 
tion of 1.5 mg. neostigmine methyl sulfate. 

In Table 5 are shown the scores attained 
after neostigmine on each of 6 days and those 
achieved after DFP had been administered 
alone on each of 3days. With the exception 
of that given on April 23, 1945, all doses of 
neostigmine were administered after some 
DFP had been injected and the plasma and 
ted cell cholinesterase were already at a low 
level. It can be seen that the administration 
of DFP was followed by scores as high as that 
produced by oral neostigmine on April 23. 
Figure 1 illustrates the improvement shown 
in her work tests after DFP. However, 


mechanisms of action of DFP and neostig- 
mine in the treatment of myasthenia gravis. 
After treatment with DFP for a month, the 
plasma cholinesterase was 0 and the red 
cell cholinesterase was 14% of normal; never- 
theless the patient was extremely weak (see 
Table 6 and Fig. 2). Neostigmine admin- 
istered at this time improved her strength 
markedly. DFP administered 5} hours 
later (after the neostigmine effect had appar- 
ently worn off) failed to produce further 
improvement. It has already been pointed 
out that DFP may be ineffectual if given 
after neostigmine’® and this may account 
for its failure at this time. The reverse is 
not true, however, for neostigmine produced 
a considerable return of function at a time 
when the patient had been administered 
full doses of DFP, and the plasma and red 
cell cholinesterase were very low. This 
indicates either that blood cholinesterase 
levels are no index of muscle cholinesterase 
or that neostigmine acts by some mechanism 
other than by inactivating cholinesterase. 
This point is discussed later. 
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Patient 7 (N. A.) had developed weakness finger tests and the hand dynamometer test Dis 
of her arms, legs and eyelids and difficulty revealed marked muscle weakness. How- studies 
in chewing and swallowing 14 years previ- ever only slight improvement followed the agent 
ously. Her disease has not progressed for administration of neostigmine. This patient neosti 
2 years. An injection of a small amount of could not be classified at this time as a typi- of inc 
erythroidine aggravated her weakness. Her cal case of myasthenia gravis. She was syvast! 
electromyogram was atypical in that the given DFP only in the hope that some un- Stab 
first 3 action potentials of each series in- expected improvement might result. Sub- a dk 
creased following supramaximal repetitive jective and objective studies showed no im- ; i 
nerve stimulation (similar to the process of provement or deterioration in her condition gener 
facilitation described by Harvey et al.? in following DFP, except for occurrence of sizes tl 
his patient B. W.). The static and dynamie more side effects with the latter drug. thenia 

deficie 
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(upper and lower) was recorded at 9:30 a.m. At 11 a.m., 1 mg. neostigmine was injected intramus- | aqueou 

cularly; the second pair of records was recorded 45 to 60 minutes later. The third pair was recorded Panee 

at 4:30 p.m., when the neostigmine effect had largely worn off. Immediately thereafter 4 mg. DFP y gain 
was given orally and the last pair was recorded at 10 p.m. For further discussion, see text. mental 
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Discussion. It has been shown by these 
studies that DFP, an anticholinesterase 
agent entirely unrelated chemically to 
neostigmine or physostigmine, is capable 
of increasing muscle strength in some 
myasthenic patients. Since the only de- 
tectable effects of DFP administered in 
low dosage appear to be due to its anti- 
cholinesterase activity,‘”® this reémpha- 
sizes that the fundamental defect in myas- 
thenia gravis is intimately related to a 
deficiency of acetyl choline and that its 
symptomatic treatment is likewise related 
to the maintenance of adequate acetylcho- 
line levels at the myoneural region. This 
“deficiency’’ of acetylcholine may be due 
to inadequate synthesis of acetylcholine or 
to the presence of an antagonistic curare- 
like substance; this investigation contrib- 
utes nothing to- strengthen or weaken 
either of these concepts. 

However, it does raise the question as 
to the mechanism of action of neostigmine; 
for ample subjective and objective evi- 
dence has been presented here to show 
that DFP does not restore muscle power 
in myasthenic patients to the same degree 
as does neostigmine. These observations 
have been confirmed by Harvey and co- 
workers® who found that intrairterial in- 
jections of DFP into localized areas did 
not produce the full improvement in 
strength and in muscle action potentials 
that neostigmine did. The question arises 
as to why DFP, which is capable of lower- 
ing plasma and red cell cholinesterase 
activity to zero, affords less symptomatic 
relief to myasthenic patients than does 
neostigmine (the decreases in cholinester- 
ase activity following neostigmine, though 
not determined precisely, were apparently 
not of this magnitude). Several explana- 
tions may be advanced for this unexpected 
finding. First, it is possible that the 
distribution of these compounds in the 
body is greatly influenced by their physico- 
chemical properties. DFP is highly lipoid 
soluble whereas neostigmine has a high 
aqueous solubility. Thus, DFP may read- 
ily gain access to nervous tissue in experi- 
mental animals,®® and normal subjects 


649 


and myasthenic patients receiving DFP 
may show evidence of central nervous 
effects, an action not shared by neostig- 
mine in ordinary doses.‘ It is possible 
that neostigmine may have a negligible 
distribution in the central nervous system 
whereas it might readily gain intimate 
contact with the myoneural junction. In 
support of the view that the relative 
therapeutic efficacies of DFP and neo- 
stigmine are the result of differences in 
drug distribution throughout the body are 
the observations of Harvey et al.2 When 
large amounts of DFP were injected into 
the brachial artery of myasthenic patients, 
muscle strength and muscle action poten- 
tials were improved far more than by 
systemic administration of the drug. Thus 
it may be assumed that when a sufficient 
amount of DFP gains access to the myo- 
neural junction, muscle strength is im- 
proved almost but not entirely to the same 
extent as by neostigmine. Unfortunately, 
doses of DFP large enough to produce 
such improvement throughout the body 
cannot be given systemically because of 
the untoward effects of DFP in large doses 
upon the gastro-intestinal tract and ner- 
vous system. 

A second explanation might be offered 
for the finding that neostigmine is more 
potent than DFP in the relief of myas- 
thenic symptoms. Neostigmine may have 
in addition to its anticholinesterase proper- 
ties a direct action upon skeletal muscle 
that is not shared by DFP. Few unequiv- 
ocal experiments have been performed to 
settle the question of whether direct mus- 
cular effects are produced by anticholin- 
esterase agents. So far as their effects 
upon the circular muscle of the iris is 
concerned, it has been shown by Anderson 
for physostigmine! and more recently by 
Leopold and Comroe for neostigmine,” 
and for DFP" that these drugs become 
incapable of producing pupillary constric- 
tion when the iris is cut off from tonic 
parasympathetic impulses by ciliary gan- 
glionectomy. So far as skeletal muscle 
is concerned, Langley and Kato" were 
unable to detect any contraction of de- 
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nervated gastrocnemius muscles following 
the application of physostigmine. How- 
ever, Brown and Harvey* noted that 
physostigmine produced increased con- 
traction of the denervated extraocular 
muscles, though this effect was not noted 
when other skeletal muscles were employ- 
ed. More recently Riker and co-workers'® 
stated that they have demonstrated a 
direct action of neostigmine upon striated 
muscle fibers. Clearly further quantita- 
tive comparisons are needed of the direct 
effects of physostigmine, neostigmine and 
DFP upon skeletal muscle. 

The fallacy of relating the effects of an 
anticholinesterase agent upon plasma cho- 
linesterase to its pharmacodynamic actions 
has already been pointed out.’"® The 
above studies show that it is equally falla- 
cious to judge therapeutic efficacy by this 
criterion. Human plasma cholinesterase 
is more highly susceptible to inactivation 
by DFP than is human brain or muscle 
cholinesterase.’ Thus, even neglecting 
the added complications of bodily distribu- 
tion, plasma cholinesterase would be 
largely inhibited before tissue cholinester- 
ases are significantly affected. Moreover, 
cholinesterases in different tissues vary so 
greatly in their rates of regeneration fol- 
lowing inactivation by DFP®"* that the 
enzymatic activity in one tissue cannot 
possibly be estimated from the analysis 
of another even though their susceptibili- 
ties to inactivation are similar. Thus, 
the measurement of the cholinesterase 
activity of erythrocytes affords no knowl- 
edge of the status of muscle or brain 
cholinesterase when DFP is given over a 
period of days even though the sensitivi- 
ties of the enzymes at these varied sites 
fall in the same range. 

It has been shown that the DFP-cholin- 
esterase complex is not readily reversible 
and dilution has no effect upon this reac- 
tion. We have already pointed out the 
uncertainties in using the determinations 
of cholinesterase activity after neostig- 
mine therapy; the in vitro analysis of 
cholinesterase values in blood taken fol- 
lowing neostigmine administration may 
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yield figures that are considerably above 
or below the actual enzyme activity in 
the body, depending upon numerous fac- 
tors such as dilution, pH and time. 

The evaluation of DFP as a therapeutic 
agent in severe myasthenics is compli- 
cated by the fact that neostigmine protects 
cholinesterase from inactivation by DFP. 
Koster’? first demonstrated that animals 
which had received physostigmine were 
more resistant to the lethal actions of 
DFP. Leopold and Comroe” have shown 
that previous ocular administration of 
physostigmine prevented the characteristic 
prolonged intense miotic action of DFP, 
administered at the time of maximal neo- 
stigmine miosis. Our Patient 5 (R. W.) 
could not be deprived of neostigmine for 
more than a few hours and it is possible 
that the presence of this reversible inhibi- 
tor blocked the effects of subsequently 
administered DFP. This fact may have 
some bearing on the failure of DFP in 
patients with myasthenic symptoms so 
severe that neostigmine can never be dis- 
continued. Harvey and co-workers have 
confirmed this by demonstrating that the 
intradrterial injection of DFP failed to 
produce its characteristic prolonged effect 
in patients who had received neostigmine 
a short time previously.® 

From the practical point of view, DFP 
possesses one main advantage, namely its 
prolonged action. This may enable a 
patient to avoid marked fluctuations in 
strength during the daytime and to 
awaken in the morning with considerably 
less fatigue than if the short-acting neos- 
tigmine alone is used. In our experience, 
simultaneous use of DFP and neostigmine 
often resulted in a definite reduction of 
neostigmine dosage and this combination 
may prove to be useful in the treatment 
of myasthenia gravis. However, in view 
of the marked gastro-intestinal disturb- 
ances produced by DFP it is obvious that 
a compound with a more specific action 
on the myoneural junction is desirable. 
Such an agent may be found among the 
many possible congeners of DFP which 
are under investigation. 
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It has been our experience from this 
study that an evaluation of the effective- 
ness of drugs in this disease can only be 
made after considerable experience in the 
design and interpretation of objective 
tests has been acquired. Spontaneous 
remissions in myasthenia are too frequent 
and unpredictable to permit assay by the 
patient’s subjective impressions alone. 
Patients with myasthenia gravis want 
desperately to get well and the psychic 
effect of any new measure (medical or 
surgical) may be tremendous. 

Conclusions. 1. Di - isopropyl - fluoro- 
phosphate (DFP), though entirely unre- 
lated chemically to neostigmine, is capable 
of lowering plasma and red blood cell 
cholinesterase activity in man to a marked 
extent and for prolonged periods, and of 
improving muscle strength in patients 
with myasthenia gravis. 

2. DFP was used in the treatment of 
7 patients with myasthenia gravis. Two 
patients received little or no benefit from 
DFP, 2 received considerable improve- 
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ment, 1 received marked beneficial effects 
and in the other 2 the effects were ob- 
scured by peculiarities in the natural cycle 
of the disease. In no case did the objec- 
tive or subjective improvement following 
DFP equal or exceed that produced by 
neostigmine. Attempts to give larger 
doses of DFP resulted in marked nausea 
and vomiting, and symptoms referable to 
the central nervous system. 

3. Despite the fact that DFP lowered 
plasma cholinesterase to zero, it produced 
less improvement than did neostigmine. 
The potentialities of a drug for treating 
myasthenia gravis clearly cannot be gaug- 
ed by its effect upon plasma cholinesterase. 

4. The possible reasons for the superi- 
ority of neostigmine over DFP in the 
treatment of myasthenia gravis are dis- 
cussed. 

5. As a practical treatment, DFP may 
be utilized in non-toxic doses to obtain its 
prolonged effect, at the same time that 
neostigmine is used to obtain its charac- 
teristically stronger action. 
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CLINICAL AND ROENTGENOLOGIC ASPECTS OF COCCIDIOIDOMYCOSIS 
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Mas. JAMES B. GrLuespreE, M.C., A.U.S. 
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(From the Army Air Forces Regional Hospital) 


CoccIDIOIDOMYCosIS is an_ infection 
caused by the fungus Coccidioides immitis. 
It was first reported in Argentina in 1892 
by Posadas“ and -Wernicke,” and in this 
country by Rixford® in 1894. Until 1936, 
the rather common and frequently fatal 
coccidioidal granuloma was the only phase 
of coccidioidal infection recognized clini- 
cally. At that time, and in subsequent 
publications, Gifford and Dickson*.?™ 
identified “ valley fever” or “desert fever” 
as the initial or primary infection with 
Coccidioides immitis. This had been a 
common but poorly understood endemic 
disease long familiar to residents of the 
San Joaquin Valley in California. Its 
relationship to coccidioidal granuloma was 
thus established and provided the basis 
for present knowledge of the pathogenesis 
and natural history of coccidioidomycosis. 

So far as is definitely known, coccidioido- 
mycosis in this country occurs in several 
rather sharply limited areas. These are 
characterized climatologically by long, 
hot, dry, dusty summers, and a low an- 
nual rainfall. They include the southern 
and western parts of the San Joaquin Val- 
ley in California, parts of southern Ari- 
zona and western Texas. Adjacent regions 
in Utah and New Mexico with similar 
climatic and geographic features have 
been regarded as probable endemic areas, 
but evidence establishing them as such is 
thus far inconclusive, and they have not 
been important sources of coccidioidal 
infection. 

Until recently, coccidioidomycosis at- 
tracted little interest among physicians 
in this country for several reasons: (1) 
The source of the infection is confined to 


a few sharply limited geographical regions. 
(2) Even in such regions, due to the mild- 
ness of the primary respiratory infection, 
many infected persons do not seek medical 
attention. Only the more severe or pro- 
longed infections are likely to be seen by 
physicians, and in only a small percentage 
of these are the necessary facilities avail- 
able for establishing the diagnosis. (3) 
Much that is new concerning coccidioidal 
infection from a clinical and roentgeno- 
logic standpoint dates from the fairly 
recent publications of Dickson and Gifford 
and has not yet diffused much beyond 
investigators and jnterested physicians, 
who encounter the disease in endemic 
areas. 

As a result of war-time conditions, coc- 
cidioidomycosis has assumed considerable 
importance, and its endemicity is no 
longer an excuse for indifference regarding 
it. The Southwest has been an important 
army training area, and many installations 
have been established in localities where 
the disease is endemic. This situation 
has provided for a sustained increase in 
the incidence of the disease, due to the 
continuous influx of non-immune new 
arrivals into such areas. The likelihood of 
exposure is considerable and is increased 
with the duration of residence. The dis- 
ease may be acquired in an endemic local- 
ity but manifested in a distant non- 
endemic region where it is unknown or 
unrecognized. Such a possibility con- 
fronts those in the military service, their 
families which in many instances accom- 
pany them, and innumerable civilians 
who have migrated to endemic regions 
where they are transiently employed in 
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various war-time projects. Not a few 
such areas have been and will continue to 
be attractive winter and health resorts 
with a large transient population of 
tourists and health seekers from various 
parts of the country. Thus, acute or 
chronic coccidioidomycosis may be en- 
countered in individuals far removed from 
endemic areas. Moreover, inactive pul- 
monary residues, such as coccidioidal cavi- 
tation nodular pulmonary lesions may 
persist for months or years in apparently 
healthy persons who may or may not 
give a history of primary infection. The 
recognition and interpretation of such 
lesions is of the utmost importance if 
serious errors in diagnosis, treatment and 
prognosis are to be avoided. Without 
a doubt such lesions have been and will 
continue to be a basis for unwarranted 
compensation claims against the Govern- 
ment and might conceivably provide 
some problems in the realm of industrial 
compensation insurance. Knowledge of 
their significance and potentialities ac- 
quired by prolonged observation of such 
lesions is the only basis for an intelligent 
and equitable settlement of such claims. 
Army Medical Officers, Veterans Admin- 
istration doctors and civilian physicians 
should be sufficiently familiar with the 
disease to recognize it in its various phases 
and especially its residual pulmonary 
lesions. 

The purpose of this paper is to empha- 
size: (1) The increasing general impor- 
tance of the disease and the necessity for 
its recognition wherever it may be encoun- 
tered. (2) To review in the light of our 
own experience the salient clinical, labora- 
tory and roentgenologic features of the 
disease. (3) To summarize the essential 
requirements of diagnosis and to indicate 
the relative value and limitation of various 
diagnostic procedures. 

The present series consists of 77 cases 
admitted to an Army Air Force Regional 
Hospital in southern Arizona between 
August 1942 and August 1944, in which 
the diagnosis of coccidioidomycosis was 
confirmed either by coccidioidin serologic 


tests or cultural studies. This number 
affords no basis for an accurate estimate 
of the incidence of coccidioidal infection 
at this installation. It obviously does not 
include asymptomatic infections or a con- 
siderable number of probable coccidioidal 
infections in which, however, the diagno- 
sis was questionable. All cases were 
sporadic and were distributed throughout 
every month in the year. In the months 
from July through December, 57 cases 
(74.1%) occurred, the peak of incidence 
being in August (13%) and September 
(14.3%); 68.8% of the patients were 
white, and 31.2% were colored. The 
incidence among the Negro troops was 
3 times that among the white in propor- 
tion to their relative number at this 
installation. The period of hospitaliza- 
tion averaged 42 days. 72 patients with 
acute, uncomplicated coccidioidomycosis 
recovered completely. Of 5 patients with 
dissemination, 2 recovered completely, 
and 1 with dissemination to the meninges 
has apparently recovered. Two patients 
with dissemination died. Ten (13%) had 
some type of residual pulmonary lesion 
revealed by Roentgen ray. Of these, 4 
(5.2%) had pulmonary nodules, and 6 
(7.8%) showed pulmonary cavitation. In 
addition to the 77 hospitalized patients 
studied, clinical and roentgenographic 
material was available on approximately 
200 patients, chiefly out-patients with 
residual pulmonary lesions, observed in 
southern Arizona during the period from 
1941 to 1945. These include military 
personnel, civilian dependents and civilian 
employees. When suitable, roentgeno- 
graphic material from this group has been 
used to illustrate some of the late lesions 
of coccidioidomycosis. 

Clinical Types of Coccidicidomycosis. 
Several clinical types of coccidioidomycosis 
are recognized: A. The initial or primary 
infection is always respiratory and in- 
curred by inhalation of chlamydospores 
in contaminated dust. It is focalized in 
the lungs, and in most instances subsides 
spontaneously and without sequele. It 
may be entirely asymptomatic. This is 
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the usual type of infection among residents 
of endemic areas. Subclinical and un- 
recognized, its occurrence in an individual 
may be indicated only by demonstrable 
sensitivity to coccidioidin and uncom- 
monly by residual pulmonary lesions 
revealed by Roentgen ray examination. 
Approximately 10 to 15% of individuals 
with 1 year’s residenee in an endemic area 
will acquire such infection, and after 10 
years’ residence approximately 80 to 90% 
will have acquired the infection.'!® Of 
200 enlisted men in the Medical Detach- 
ment of the hospital with up to 18 months’ 
residence in the area and without a history 
of clinical infection, 12.5% reacted posi- 
tively to the cutaneous coccidioidin test. 

B. The type most frequently encoun- 
tered clinically is an acute self-limited 
respiratory infection manifested predomi- 
nantly as a bronchitis, pleuritis or pneu- 
monitis. It is often clinically indistinguish- 
able from more prevalent non-specific 
respiratory infections or primary atypical 
pneumonia, and diagnostic confirmation is 
not obtained ordinarily in civilian practice. 

C. When the initial respiratory infec- 
tion is associated with allergic phenomena 
such as erythema nodosum or erythema 
multiforme it may be, easily recognized 
clinically and has been referred to vari- 
ously as “San Joaquin Valley fever,” “des- 
ert fever,’ “valley fever,” and “desert 
rheumatism.” Approximately 18% of 
the cases in our series were of this type— 
6.5% with erythema nodosum and 12% 
with other types of erythematous skin 
lesions. This incidence is slightly higher 
than that reported by Smith'® and is 
nearer the figures reported by Goldstein 
and Louie,” who found erythema nodosum 
in 19% of their patients and in approxi- 
mately 25% of all cases there were cuta- 
neous manifestations. 

D. While complete recovery is the 
rule, in an unknown proportion of cases 
(13 % in our series) the primary infection 
results in apparently benign, persistent 
residual pulmonary lesions, notably cavi- 
tation or nodules usually unaccompanied 
by constitutional symptoms or signs and 


revealed by Roentgen ray examination of 
the chest. 

E. In rare instances the initial infection 
does not subside but becomes progressive 
with widespread lymphatic and hemato- 
genous dissemination. Any or all the 
organs of the body, with the notable 
exception of the digestive tract, may be 
Involved. The lungs, tracheobronchial, 
supraclavicular and cervical lymph glands, 
the meninges, skin and bone are especially 
vulnerable. The clinical features and 
course may vary considerably, depending 
upon the extent of dissemination or the 
dominant localization. In the cases ob- 
served by us, the striking clinical manifes- 
tations were those of generalized miliary 
dissemination in 2, persistent massive 
pleural effusion in 1, pulmonary and gland- 
ular localization in 1, and meningeal in 1. 
Meningeal localization may be the only 
demonstrable site of spread or it may be 
simply a part of a generalized dissemina- 
tion. The disseminated form usually runs 
a protracted course and terminates fatally 
in about one-half the cases. Miliary 
tubercles, confluent areas of caseation ne- 
necrosis and typically granulomatous le- 
sions occur in the involved organs. The 
disease may simulate and at times be 
indistinguishable, clinically and pathologi- 
cally, from tuberculosis, differentiation, 
depending upon recovery of the etiologic 
agent. 

It should be borne in mind that the dis- 
seminated phase, in the great majority of 
cases, develops sometime during the acute, 
primary infection and represents a continu- 
ous progression of the disease. Dissemina- 
tion, if it is going to occur, usually takes 
place within the first few weeks or months, 
and thereafter its likelihood diminishes. 
It should be suspected in the presence of 
prolonged high fever or symptoms and 
signs indicative of meningeal, skeletal or 
cutaneous involvement. The coccidioidin 
serologic test is of help and may be decisive 
in detecting dissemination not clinically 
evident. Dissemination, after several 
years, as a result of endogenous reactiva- 
tion, while admittedly a possibility, must 
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be extremely rare if it occurs at all. Pres- 
ent available evidence upon this point is 
meager and unconvincing. 

Clinical Features. A. Pain. The most 
frequent, and in many cases, the predomi- 
nant symptom in the acute infection is 
thoracic pain. It occurs in from 75 to 
85% of patients. In most instances (54.5% 
in our series) pain is severe and pleuritis 
in character. In 2 instances patients were 
referred to the hospital from the dispensary 
with a diagnosis of fractured rib, although 
no history of injury had been elicited. 
When localized to the anterior chest, the 
pain may simulate anginal pain or the pain 
of acute pericarditis. In approximately 
20% of our patients the pain was sub- 
sternal or constricting in character or 
described chiefly as a dull, heavy sense of 
discomfort. While the acute pain usually 
subsides after several days, it is not un- 
common to note residual vague chest pains 
or aching, persistent or recurrent for 
periods of several weeks to several months. 

Some patients with subpleural nodular 
lesions complained of a dull, boring ache, 
usually referred to the shoulder or inter- 
scapular region, in most instances unasso- 
ciated with evidence of clinical activity. 
Such pain may persist with verying intens- 
ity for several months at a time with 
ultimately spontaneous subsidence. 

B. Fever. Fever was present in the 
majority of patients sometime during the 
course of their illness. In the ordinary 
uncomplicated cases the average duration 
was approximately 1 week. However, the 
fever was occasionally prolonged, and in 
disseminated cases persisted for months. 
There was nothing characteristic about 
the fever curve. A fact to remember in 
this connection is that a considerable 
number of patients (39% in our series) 
may be afebrile throughout the entire 
period of observation despite other symp- 
toms and signs such as increased sedimen- 
tation rate and roentgenologic findings to 
indicate activity of the disease. 

C. Cough. Less than half of our patients 
had any significant cough, and of these 
in only a small percentage was it produc- 


tive. Sputum was usually scant, and even 
when obtainable examination for Coccidi- 
oides immitis was frequently unsatisfac- 
tory. Examination of fresh preparations 
is not reliable especially in inexperienced 
hands. Sputum examination is limited in 
usefulness by the infrequency with which 
satisfactory specimens are available in 
acute primary coccidioidomycosis and by 
the tedious cultural methods required to 
identify the organism. Failure to recover 
Coccidioides immitis from the sputum in 
cases with cavitation warrants an attempt 
to recover the fungus from gastric washing. 

D. Cutaneous Lesions. The cutaneous 
manifestations associated with coccidioidal 
infection differ in character with the stage 
of the disease. In about 18% of our 
cases with acute primary coccidioidomy- 
cosis, cutaneous eruptions occurred. These 
included the typical erythema nodosum 
of “desert fever; located symmetrically 
over the pretibial region, and to a less 
extent the thighs, and referred to collo- 
quially in the San Joaquin Valley as “the 
bumps.”’ This type of eruption occurred 
in 5 (6.5%) of the patients. In a larger 
proportion of cases, 9 (11.7%), a less 
well-defined erythematous eruption cc- 
curred. Few of these were fairly typical 
erythema multiforme, but others were 
generalized, irregular, papular erythema- 
tous lesions involving the entire trunk 
and sometimes were distinctly morbili- 
form in appearance. The erythematous 
skin lesions usually occurred within the 
lst week of the initial infection and sub- 
sided within approximately 1 to 2 weeks. 
Such lesions are associated with hyper- 
sensitivity to coccidioidin, development of 
a high degree of immunity and resistance 
to dissemination. In disseminated cases 
granulomatous skin lesions, verrucous or 
papillary in character, single or multiple 
cutaneous cold abscesses and indolent 
sinuses may, occur. Two of our dissemi- 
nated cases had such lesions. From them 
Coccidioides immitis may be recovered. 
They are invariably metastatic and indi- 
cate dissemination. 
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F. Arthritis. Arthritis has been report- 
ed as occurring in approximately one- 
third of the cases and accounts for the 
term “desert rheumatism.” The involved 
joints have been described as tender, pain- 
ful on motion, and at times slightly swol- 
len. Effusion ordinarily does not occur. 
Goldstein and Louie” reported some dull 
articular ache or pain during the course 
of the illness in 30% of their patients. 
These observers noted no swelling or ten- 
derness, and the roentgenograms were 
uniformly negative. Joint symptoms usu- 
ally subside within a month and without 
residual damage or deformity. We have 
been singularly unimpressed with arthral- 
gia as a significant complaint in any of 
our patients, and in none were objective 
joint changes encountered. In fact, ar- 
thralgia, beyond what might occur in a 
variety of acute infections, was not ob- 
served. Rosenberg, Dockerty and Mey- 
erding’’ state that joint symptoms are 
usually associated with erythema nodo- 
sum. However, Smith!® states that ar- 
thritis may occur without skin manifesta- 
tions while the latter without arthritis are 
very frequent. Bone and joint lesions 
characterized by redness, swelling, fluctua- 
tion, adjacent skin lesions with ulceration 
or sinus formation are not infrequent in 
the disseminated form of coccidioidomy- 
cosis. However, we encountered none in 
our series. 

While general symptoms of infection, 
such as headache, malaise, myalgia, lassi- 
tude and weakness occur, they are neither 
as frequent nor conspicuous as in most 
respiratory infections of comparable sever- 
ity. This observation has been com- 
mented upon by others.’ The patients in 
general look and feel better than their 
clinical and roentgenologic findings would 
indicate. This is generally true, not only 
of the acute primary infections, but also 
of the disseminated form in which the 
disparity between the subjective com- 
plaints and objective findings has at 
times been striking. Hemoptysis is un- 
common jn the acute type of infection 


although it occurs at times with residual 
cavitation. 

G. Physical Findings. Physical find- 
ings in acute coccidioidomycosis in the 
absence of the cutaneous manifestations 
are of little or no help from a diagnostic 
standpoint. Despite pulmonary involve- 
ment, dyspnea, cyanosis, tachycardia and 
evidence of systemic toxicity are either 
absent or minimal. In contrast to the fre- 
quency of pleuritic pain, a pleural friction 
rub is seldom heard. Rarely, massive 
pleural effusion occurs, but in most in- 
stances the amount of fluid is insufficient 
to detect on physical examination. Signs 
of cavitation in the late cases are usually 
absent despite the size of some of the 
cavities. Hilar lymphadenopathy is a 
fairly common roentgenographic finding, 
but peripheral lymph gland involvement 
is not encountered in the acute cases. 
However, in disseminated cases, unusually 
extensive lymphadenopathy may occur. 
In such cases it is usually most marked 
in the hilar, supraclavicular and cervical 
groups and may progress to abscess for- 
mation with draining sinuses. 

H. Laboratory Findings. Except for the 
cultural and inoculation tests to which 
we will refer later, laboratory studies have 
little in the way of specific value in the 
diagnosis of coccidioidomycosis. There 
are, however, a few findings that are help- 
ful diagnostically or as an index of activity 
of the disease. The leukocyte count is 
usually moderately elevated. Eosinophilia 
has been noted and occurred in 18 (23.3 %) 
of our patients. All of these had eosino- 
phil counts higher than 10%, the highest 
eosinophilia being 29%. Moderate to 
marked erythrocyte sedimentation rates 
were found in 75 of our patients (97.5%). 
This proved to be the most useful single 
index of activity and persisted in most 
instances long after complete subsidence 
of all the clinical findings with the excep- 
tion of residual Roentgen ray findings. 

There is some evidence to indicate that 
coccidioidomycosis occasionally may give 
rise to transient, false positive blood sero- 
logic tests for syphilis. Four patients in 
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our series had positive Kahn and Kline 
tests early in the course of their coccidi- 
oidal infection. In none was the Wasser- 
mann test positive. In 3 cases the dura- 
tion of the positive serologic reaction per- 
sisted from 2 weeks to 1 month following 
which the tests became negative sponta- 
neously. None of the patients had a 
history of syphilis, and clinical evidence 
was lacking in all cases. None of the 
more usual causes of false biologie positive 
tests could be demonstrated. In 1 case 
lues could not be excluded, although it 
was improbable. This patient (Case 3) 
had disseminated coccidioidomycosis, was 
critically ill, and although the Wassermann 
was negative, both the Kahn and Kline 
tests were 4+ on 3 different tests reported 
from different laboratories. Unfortunately 
verification tests were not obtained. Be- 
cause of the possibility of syphilis compli- 
cating the coccidioidal infection, it was 
decided not to withhold antisyphilitic 
treatment. In view of subsequent experi- 
ence, however, we feel that a longer period 
of observation would have revealed the 
true significance of the positive serologic 
tests in this case. The conclusion is obvi- 
ous that great caution must be exercised 
in the interpretation of positive serologic 
tests for syphilis among patients with 
coccidioidomycosis. Reasonably prolong- 
ed observation and verification tests are 
indispensable in the solution of this 
problem. 

Roentgenologic Features. GENERAL. 
Many physicians think of coccidioidomy- 
cosis as a disease which mimics tuberculo- 
sis. This generalization must be qualified 
by recognition of the of the fact that it is 
a disease which may simulate various 
types of acute pneumonic lesions in its 
earlier phases, and later may present film 
evidence which is similar to that in vari- 
ous forms of lymphoma, metastatic malig- 
nant lesions and primary malignant le- 
sions. Bone lesions are absent in the 
primary phase of coccidioidomycosis, but 
in the disseminated type skeletal lesions 
may resemble various neoplastic lesions of 
the skeleton, non-tuberculous osteomyeli- 


tis and periostitis and other destructive 
lesions of bone and cartilage in addition 
to tuberculosis. 

Roentgenologic findings of this disease 
have been presented?-732.23 in medical 
literature of recent years. Comprehensive 
reviews of the literature are available in 
recent publications.5” It is desired to 
stress in this discussion certain salient 
features of roentgenographic nature and 
to summarize information obtained by 
the study of patients with acute and late 
coccidioidal pulmonary lesions. A _ ten- 
dency for primary pulmonary coccidioido- 
mycosis to follow one of five general pat- 
terns has been observed on the basis of 
serial film studies extending over months or 
years. A finding of interest is the seasonal 
incidence of new cases as reflected by 
records of the Roentgenologic Service. 
For example, recently in 12 consecutive 
months, during the period from May to 
October inclusive, 75 new cases were ob- 
served, while during the months from 
November to April inclusive only 38 new 
cases were encountered. The short incu- 
bation period (8 to 15 days) accounts«for 
the close correlation of Roentgen ray and 
clinical signs to. the months during which 
hot dry weather is prevalent. 

Roentgenologic Findings in Primary Coc- 
cidioidomycosis. In the primary phase of 
this disease it is well agreed that Roentgen 
ray findings are limited to the thorax. 
Patients may complain of arthralgia in 
the initial days or weeks of their illness, 
but film evidence of organic change in 
skeletal structures at this time is lacking. 
Roentgenologic findings are variable as 
summarized in the 77 hospitalized cases 
indicated in Table 1. Attention is called 
to a small group of patients (2.6%) who 
were hospitalized for coccidioidomycosis 
but in whom no Roentgen ray signs of 
the disease could be recognized despite 
knowledge of characteristic clinical find- 
ings such as erythema nodosum and evi- 
dence .of activity of the disease by skin 
testing and by serologic studies. On the 
other hand, knowledge gleaned from single 
films or the aggregate of findings on serial 
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films sometimes identifies involvement as 
coccidioidomycosis before other ‘positive 
evidence appears. From the Roentgen 
ray viewpoint an element of confusion 
arises from the fact that a patient may 
first be examined in almost any phase of 
the disease. If such a patient is filmed 
at the onset, the pulmonary findings may 
be exactly the same as would be expected 
from the acute bacterial and virus pneu- 
monias. This group of early cases has 
presented a recurrent problem, which has 
been solved only by serial films and by 
the combination of roentgenographic and 
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oidomycosis the differential diagnosis on 
the basis of a single film may be impossible 
because of the similarity of the lesions to 
lymphoma, secondary malignant foci, or 
tuberculosis. 

A. Pneumonitis. Acute pneumonitis in 
coccidioidomycosis may be nothing more 
than minimal increase in soft tissue promi- 
nence in one hilar area, or barely percept- 
ible obscuration of hilar detail on one or 
both sides. This is a group of lesions which 
is easily missed on the basis of film evi- 
dence alone because of wide variations in 
prominence of hilar areas among normal 
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Fig. 1.—A, Acute bilateral pneumonitis. Minimal effusion, left. Hilar prominence bilaterally, 
predominantly left. B, After 15 days. Note tendency for nodular configuration opposite anterior 
end of 5th right rib. Persistent bilateral hilar accentuation. Increase in fluid accumulation in left 
pleural cavity. Findings disappeared after additional 3 months. 


clinical findings to achieve accurate dif- 
ferentiation. One can safely state that 
early primary pulmonary coccidioido- 
mycosis and primary atypical pneumonia 
are 2 conditions which may produce a 
variety of similar appearances in the lungs 
and pleure. 


TABLE 1.—TyYpeEes oF LESIONS IN PRIMARY 
CoccIDIOIDOMYCOSIS 


Per cent. 
Pesumonits”. .. .... .'"Fei0 
Adenitis Ssh yee, eee 
Cavitation 7.8 
Nodules 5.2 
Pleural effusion 2.6 
Negative chest film 2.6 


If a patient is seen somewhat later in 
the primary phase of pulmonary coccidi- 


persons. Aid is gained by comparison 
with the opposite hilus if the lesion ap- 
pears to be unilateral, or by serial films, 
or both. More easily detectable pneu- 
monic infiltration may be found in the 
perihilar area, or it may be subpleural. 
A dependable point regarding distribution 
of pneumonic foci is the fact that con- 
solidation of an entire lobe is extremely 
rare. Multiple areas of infiltration may 
be visible in 1 lobe or in all lobes bilater- 
ally at the time of onset of the disease 
(Figs. 1, 2, 3). Early pneumonic infiltra- 
tion of lungs or hilar areas may resolve 
completely within 1 to 4 weeks. Com- 
monly, complete resolution does not occur 
even though partial resolution is the rule 
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during the early weeks of the initial 
involvement. Once partial resolution has 
appeared the future pattern of involve- 
ment will depend on whether healing and 
fibrosis remain predominant or whether 














about the time the initial acute pulmonary 
infiltration begins to recede (Figs. 1 and 2). 
A significant fact in connection with 
adenitis is that prominent nodes may 
appear in both the hilar and mediastinal 
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Fic. 2.—A, Admission film revealed scattered focal acute pneumonic infiltration in all lobes bilaterally, 
with slight bilateral hilar prominence. B, After 17 days. Pneumonic foci had partially resolved, with 
more nodular appearance. Hilar involvement, particularly on left, showed marked increase. Ten 
weeks later this patient showed no significant residue in the thorax. 




















Fic. 3.—A, Initial study of Nov. 14, 1942, revealed acute pneumonitis, lateral left mid-lung, right 
lateral subapical area, right base, and continuous with lower pole of right hilus. Mediastinal adenitis 
present. .3, Film 8 months later shows residual cavitation opposite anterior end of 2nd right rib, 
residual nodule opposite anterior and 7th right rib, with decrease in hilar and mediastinal adenitis. 
Excavation, nodulation and adenitis were all observed in this 1 patient, with persistence of nodules and 


cavities for more than 2} years. 


focal necrosis of lung tissue occurs (see 
Chart 1). 

B. Adenitis. Hilar and mediastinal 
adenitis are frequently observed with 
variable degrees of volumetric increase in 
soft tissue in these areas. Quite commonly 
the adenitis becomes more apparent at 


areas, with subsequent complete return to 
normal and with no evidence of the dis- 
seminated phase at any time. 

C. Cavitation. In observing patients 
with this disease one commonly encoun- 
ters 2 distinct mechanisms of cavity 
formation (see Chart 1). A pneumonic 
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lesion may partially resolve, leaving peri- 
bronchial infiltration of fibro-exudative 
appearance, which seems to develop focal 
necrotic alteration. This type of cavity 
is ordinarily quite thin-walled and _ is 
likely irregular in contour (Figs. 4 and 5). 
These cavities frequently persist for more 
than a year and may vacillate in size to 
the extent of increasing in volume after 
having decreased markedly. Closure is 
assumed to occur as a result of predomi- 
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areas other than upper lobes in patients 
with this disease than in those with 
tuberculosis. 

The other mechanism of cavity forma- 
tion will be further discussed in connection 
with nodule formation. 

An example of an irregular thin-walled 
cavity, which was regarded as similar to 
cavitation of coccidioidomycosis, is pre- 
sented in Figure 6. Despite the similarity 
of film appearance, serial films and films 
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CuHarRT 1,—Schematic representation of possible courses for resolution and progression of coccidioido- 
mycosis as observed roentgenologically. 


nance of fibrosis over further necrotic 
alteration and then bronchial occlusion 
with absorption of air from the interior of 
the cavity. Once complete closure occurs 
in a cavity of this type it is rare for it to 
reappear and ordinarily there is less ten- 
dency for appearance of a new area of 
excavation in the adjacent vicinity than 
would be true in tuberculosis. Another 
generalization in connection with cavity 
formation in coccidioidomycosis is the 
well-marked tendency for cavitation in 


made prior to entry of this patient into 
an endemic area revealed that a pulmon- 
ary lesion existed before any contact with 
Coccidioides immitis was possible. The 
nature of the cavity was finally deter- 
mined by repeated sputum studies and by 
the appearance of tubercle bacilli at a 
time when the patient experienced an 
intercurrent upper respiratory infection. 

D. Nodules. If sufficient serial films 
are obtained on patients who have areas 
of pneumonic infiltration, one will fre- 
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quently observe nodule formation. These sion of the center of such a nodule a 
nodules correspond in location to a pre- cavity appears. A cavity of this type is 
viously visible patch of pneumonic density commonly more nearly round in contour 
of greater volumetric extent. Many of and is likely to have a thick wall (Figs. 7, 























Fic. 4.—A, Excavation in area of previous fibro-exudative peribronchial residue. B, Same case 
7 weeks later. Rapid disappearance of cavity with minimal residual peribronchial accentuation. 











Fie. 5.—PA view of cavity in left upper lobe. Cavity known to have been patent for more than 
18 months. Variable size of cavity at different times. This is the type of irregular thin-walled excava- 


tion which develops in areas of fibro-exudative peribronchial reaction rather than from necrosis of 
the center of a nodule. 


these nodules slowly contract and over a_ 8, 9). Cavities which appear in nodules 
period of months may disappear com- do not ordinarily exceed 1 per patient. 
pletely without trace. Other nodules evi- Again it is noted that cavities which arise 
dently undergo necrosis and with extru- in nodules are frequently encountered in 
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lower lobes and in the right middle lobe, 
rather than being limited to upper lobes. 
The appearance of cavitation in coccidi- 
oidomycotic nodules which otherwise close- 
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exclusion of metastatic carcinoma. Since 
these nodules have been observed to per- 
sist for more than 23 years, as in the 
example shown in Figure 3, it seems cer- 














Fic. 6.—Cavity, right upper lobe, with minimal reaction. Onset of pulmonary symptoms before 
entry of patient to endemic area of coccidioidomycosis. Repeated sputum studies revealed acid-fast 


organisms. 




















Fig. 7.—A, Large nodular lesion, with central excavation. ‘‘Doughnut’’ type cavity; split film, 


lordotic apical views in AP and PA positions. 


B, Enlarged view of cavity. Center of nodule no 


longer excavated 11 months later; size of nodule markedly reduced, indicative of predominance of 


healing and fibrosis over further necrosis. 


ly resemble metastatic neoplastic lesions 
may be cited as a differential diagnostic 
feature (see Fig. 9). In non-excavating 
nodules there is often no film indication 
of etiology and no method for positive 


tain that they will be observed in con- 
nection with planned mass surveys of 
chests to be accomplished in the coming 
years. A history of exposure to Coccidt- 
oides immitis and a positive coccidioidin 
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skin test in such patients may serve as a 
practical sorting routine in rounded or 
nodular soft tissue densities detected in 
lungs of patients who have been in 








Fig. 8. 
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View of cavity in right upper lobe. Same patient as Figure 3. 
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well-advanced fibrosis and good progress 
toward healing. Such deposition of cal- 
cium in a soft tissue nodular lesion of the 
chest would be an exceptional finding in 


Patency of cavity for more 


than 2} years observed in serial films. 











Fic. 9.—A, 


endemic areas, and thus avoid unneces- 
sary hospitalization and diagnostic pro- 
cedures. 

One frequently observes a characteristic 
central calcific stippling in soft tissue 
nodules of coccidioidomycotic origin (Fig. 
10). This phase of nodulation indicates 





Nodule in lateral subapical region. 
Detail view to show excavation in nodule. 

to have a scirrhous carcinoma of the stomach. 
clinical findings of coccidioidomycosis aid in excluding the possibility of a metastatie neoplastic lesion. 











Clinical signs of active coccidioidomycosis. B, 


One year later this patient, a female age 24, was found 
Excavation in center of pulmonary nodule and positive 


malignant metastatic foci. A_ similar 
phenomenon can occur in osteogenic sar- 
coma metastatic to the lungs, but calcium 
formed in such metastases is likely to be 
evenly distributed character throughout 
the metastatic nodule, while in coccidi- 
oidomycosis the calcium is more stippled 
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in appearance and more likely confined to 
the center of-the nodule. 

Cavity closure following necrosis of the 
center of a nodule appears to come about 
by a predominance of healing and fibrosis 
over further necrosis and concentric con- 
striction of the cavity to form a nodule 


or weeks of the illness. As indicated in 
Table 1, effusions are quite uncommon. 
This statement refers to effusion detect- 
able on a routine chest film. Rigos,” in 
reporting .a roentgenographic study of 
pleural effusion, called attention to the 
fact that an effusion of approximately 











Fic. 10.—Characteristic pattern of central calcific deposition, as observed in some of the pulmon- 


ary nodules of coccidioidomycosis as healing progresses. Note non-calcified soft tissue periphery. 

















Fic. 11.—A, Hilar and mediastinal glandular involvement in colored patient, with disseminated 


coccidioidomycosis and extensive peripheral adenitis. 


B, Persistent mediastinal adenitis 64 months later. 


Granulomatous lesions were present in the skin. 
Increased density, left supraclavicular area, from 


peripheral lymph node enlargement. No evidence of pulmonary cavitation. 


of smaller size than the original one, or 
bronchial occlusion with absorption of air 
content, or both. 

E. Pleuritis. Diffuse pleural thickening, 
associated with acute pneumonic lesions 
of coccidioidomycosis is a common finding. 
The pleural reaction of the primary phase 
ordinarily subsides during the early days 


400 cc. or less may be present without 
producing significant alteration in film 
appearance on a standard 14x 17 inch 
chest film made with the patient erect, 
so that small degrees of effusion may well 
occur more frequently than indicated in 
Table 1. Pleural reaction with effusion is 
represented in Figure 1. 
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Progressive or Disseminated Coccidioido- 
mycosis. About 0.5% of patients who 
acquire Clinical primary coccidioidomyco- 
sis eventually develop the progressive or 
disseminating type of infection. This per- 
centage level is directly proportional to 
the number of racially predisposed indi- 
viduals in the group considered. Obvi- 
ously if a large percentage of exposed 
population is of the Negro race, the inci- 
dence of disseminated coccidioidomycosis 
will be much greater. Nodules, cavities 
and adenitis of the late primary phase 
are not to be confused with the dissemi- 
nated phase of this disease. 

A. Lungs. In the disseminated phase 
thoracic lesions may be predominantly 
hilar and mediastinal adenitis, as shown 
in Figure 11. Disseminated involvement 
in this patient (Case 2) was manifested by 
peripheral adenitis and granulomatous 
skin lesions and draining sinuses. A 
miliary distribution of lesions may occur, 
closely simulating miliary tuberculosis of 
the lungs. In disseminated cases, pleural 
reaction may be a predominant feature 
(Case 3). 

B. Bones. Coccidioidomycotic skeletal 
involvement is likely to appear in multiple 
bones with the probability of associated 
multiple joint lesions. Lesions are pri- 
marily destructive, involving bone and 
cartilage and producing an appearance 
similar to tuberculosis. Benninghoven 
and Miller? in reviewing 500 reported 
instances of bone and joint lesions due to 
Coccidioides immitis, found the greatest 
involvement in the spine, pelvis, hands 
and lower extremities. 

C. Central Nervous System. Meningitis 
us a result of coccidioidomycosis is a 
common occurrence if dissemination does 
occur. Martin™ has suggested that men- 
ingeal and spinal cord lesions may be more 
effectively evaluated by ventriculography 
and myelography respectively. 

Roentgenologic features to be empha- 
sized as a result of the present study 
include the following: 

1. From roentgenographic point of view 
the differential diagnosis of coccidioido- 
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mycosis is not limited to tuberculosis. 
Early lesions may simulate many acute 
pneumonic processes. Late lesions may 
simulate various forms of neoplastic dis- 
ease. 

2. Serial film studies of patients with 
coccidioidomycosis frequently aid in iden- 
tification of this condition when one bears 
in mind the 5 common patterns of progres- 
sion and resolution presented here sche- 
matically. 

3. Hilar and mediastinal adenitis of 
considerable extent may occur in the 
primary phase of coccidjoidomycosis, with 
gradual spontaneous disappearance and 
without entry of the patient into the 
disseminated phase. 

4. Two distinct mechanisms of cavity 
formation are prevalent in coccidioido- 
mycosis during the primary phase. Cavi- 
tation is relatively less frequent during 
the disseminated phase. 

5. Coccidioidomycotic cavities and nod- 
ules not uncommonly persist for many 
months or several years and must be in- 
cluded in the differential diagnosis of such 
lesions to be encountered in the planned 
mass surveys of the chest. 

Diagnosis of Coccidioidomycosis. In 
endemic regions the possibility of coccidi- 
oidomycosis is always present, and there 
has been a tendency to make the diagno- 
sis on insufficient grounds. Too frequently 
a patient with or without a respiratory 
infection but a positive coccidioidin cuta- 
neous test has been so diagnosed without 
cultural or serologic confirmation. A 
diagnosis on such evidence is always 
questionable. On the other hand, acute 
primary coccidioidomycosis acquired in 
an endemic area but manifested elsewhere 
will, in all probability, be incorrectly 
diagnosed. If the late residual pulmonary - 
lesions are unrecognized or misinterpreted, 
the likelihood of serious error in diagnosis, 
prognosis and treatment is great. Con- 
sidering the differential diagnostic possi- 
bilities presented by pulmonary nodules 
or cavitation, especially metastatic malig- 
nancy and pulmonary tuberculosis, such 
errors may be personally, professionally 
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and economically disastrous. The dis- 
seminated form may be confusing if one is 
unfamiliar with its protean manifestations. 

Absolute proof of coccidioidal infection 
depends upon tissue, cultural and animal 
inoculation studies. It requires: (1) 
observation of the characteristic doubly 
contoured, non-budding endosporulating 
spherules in tissue sections, sputum, pus, 
pleural or spinal fluid; (2) recovery of the 
mycelial form from culture on Sabouraud’s 
or differential media; and (3) demonstra- 
tion of the spherules in inoculated animals. 
For the latter purpose, injection into a 
mouse or guinea pig is made, usually intra- 
peritoneally. Direct smears are not relia- 
able. Gastric washings or bronchoscopy 
may afford material for examination. 
When gastric washings are used, examina- 
tion must be done promptly as the 
spherules are digested by the gastric 
secretion. 

For practical purposes, positive identifi- 
cation. of the fungus obtained by the 
above procedures is rarely necessary and 
may be difficult or even impossible in 
acute primary coccidioidomycosis, in which 
more often than not the fungus,cannot be 
demonstrated. In such cases, sputum 
may be entirely lacking, and there are no 
accessible lesions to afford a source of 
recovery of the fungus. A diagnosis in 
the acute phase can be made with. reason- 
able certainty and minimal error if the 
following criteria are fulfilled: (1) recent 
residence in an endemic region; (2) an 
acute respiratory infection with or with- 
out erythematous cutaneous lesions; (3) 
a positive coccidioidin cutaneous test; and 
(4) a positive coccidioidin serologic test. 
Additional evidence may be afforded by 
roentgenologic findings. An initially nega- 
tive cutaneous test with a subsequent 
positive test is conclusive evidence of 
coccidioidal infection. The additional 
finding of eosinophilia increases the prob- 
ability of coccidioidomycosis. 

Cutaneous Coccidioidin Test. This test 
has been of great value in the diagnosis 
of coccidioidal infection. Material for 
the test was provided by Dr. C. E. Smith 


of the Department of Public Health and 
Preventive Medicine, Stanford University. 
The technique and precautions have been 
fully described by a number of writers.>:7"° 
A dilution of 1 to 1000 was originally used 
by us for routine testing. However, it 
became apparent that the use of this dilu- 
tion resulted in missing some infections 
positive in 1 to 100 dilution. Thereafter, 
the latter was used routinely except in 
patients exhibiting erythema nodosum. 
Such patients are hypersensitive to coccidi- 
oidin, and in some instances respond with 
violent local and even systemic reactions. 
Occasionally 1 to 10 dilution is indicated 
if disseminated coccidioidal infection is 
suspected. There is no evidence that re- 
activation of old focalized lesions or dis- 
semination can occur as a result of the 
coccidioidin cutaneous test.’ The test 
may be negative in early primary coccidi- 
oidal infection, but upon repetition will 
almost invariably become positive in un- 
disseminated cases. It is important to 
consider the time element between the 
onset of the disease and the time at 
which the coccidioidin cutaneous test is 
performed. If done too early and not 
repeated, one may acquire the false im- 
pression that coccidioidal infection has 
been excluded. On the other hand, an 
initial negative test followed by a subse- 
quent positive test is practically conclu- 
sive evidence of coccidioidal infection. 
In 11 of our cases the test was negative 
on admission and did not become positive 
until from 2 to 3 weeks later. The test 
may be negative in disseminated coccidi- 
oidomycosis. This was true in 3 of our 
disseminated cases. In these it remained 
negative even in 1 to 10 dilution through- 
out the entire period of observation 
despite clinical, serologic and cultural 
evidence of the disease. This is a fact of 
considerable diagnostic importance as a 
negative test may be indicative of anergy 
and not of the absence of coccidioidal 
infection. A positive test has the same 
diagnostic significance and limitations as 
the tuberculin test. It is not acceptable 
evidence of active coccidioidal infection. 
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Usually sensitivity to coccidioidin exists 
indefinitely. However, it is said to 
diminish or even gradually disappear in 
some individuals.’ We have no evidence 
upon this point. There is some evidence 
that cross-sensitivity to coccidioidin may 
exist. Emmons! found this to be the case 
with Haplospoangium parvum, a fungus 
prevalent in parts of Arizona. Smith’ 
states that some individuals from Mis- 
souri, Illinois, Michigan, Indiana, Ten- 
nessee, Kentucky, Ohio, the Virginias, 
Pennsylvania and New York in which 
coccidioidomycosis is not known to be 
endemic show some borderline sensitivity 
to coccidioidin. However, from a practi- 
cal clinical standpoint, the test is specific 
and quite reliable. A positive cutaneous 
reaction indicates permanent immunity to 
exogenous reinfection. The skin test is 
of importance in the presence of pulmonary 
cavities with negative serologic evidence. 
In such instances, however, only the 
recovery of the organisms is decisive. 
The diagnosis of coccidioidal cavitation 
can only be presumptive in the presence 
of a positive coccidioidin cutaneous test 
but with negative cultural findings. 
Coccidioidin Serologic Test. Precipitin 
and complement fixation tests, as per- 
formed by Dr. C. E. Smith, using coccidi- 
oidin as antigen, are of value in the diag- 
nosis and prognosis of coccidioidal infec- 
tions. Obtaining antigen which is con- 
sistently satisfactory for complement fixa- 
tion has delayed publication of these 
procedures.'® In mild infections and in 
the late quiescent or inactive phases, 
these tests are usually negative. In the 
active phase of coccidioidal infection they 
are positive, and the more severe the 
infection, the more likely it is that precipi- 
tins and complement fixing antibodies 
will develop. In the ordinary, uncompli- 
cated infections precipitins are present in 
higher titer than complement fixing anti- 
bodies and tend to disappear earlier. The 
titer of complement fixing antibodies par- 
allels the severity of the infection, and 
in certain ranges is indicative of impend- 
ing or actual dissemination. Thus, the 


serologic test provides a reliable index of 
the severity of the infection, and to this 
extent has prognostic as well as diagnostic 
value. A diagnosis of dissemination 
should not be made in the absence of 
specific antibodies in relatively high titer.’ 
In late, inactive phases of coccidioidal 
infection, characterized by residual pul- 
monary cavitation or nodular focalization, 
the serologic tests have been uniformly 
negative in our experience even when the 
fungus could be recovered from the spu- 
tum. Serologic tests should be performed 
whenever dissemination is suspected, re- 
gardless of the results of the cutaneous 
coccidioidin test. 

Five patients in our series had clinical, 
serologic or cultural evidence of dissemina- 
tion. Two (a 35 year old white private, 
and a 30 year old colored private) died in 
from 4 to 5 months. Necropsy, in both 
instances, revealed miliary dissemination 
in the lungs, tracheobronchial lymph 
glands, liver, spleen and kidneys and 
indolent cutaneous abscesses and verrucu- 
ous skin granulomata. One case in addi- 
tion had involvement of the meninges, 
left ulna, tibia, and knee joirtt. The 
clinical and gross pathologic findings in 
these patients were practically indistin- 
guishable from miliary tuberculosis. 

Three disseminated cases recovered. 
The dominant clinical pattern (namely, 
meningeal, pulmonary-glandular and pleu- 
ral) was different in each and likewise 
differed from the generalized, miliary type 
which characterized the two fatal cases. 
For this reason it is felt that a brief clinical 
summary of these cases will serve to em- 
phasize: (1) the protean features of 
disseminated coccidioidomycosis, (2) the 
possibility of recovery in even the most 
critically ill; (3) and the utter fallacy of 
evaluating therapeutic measures in indi- 
vidual cases. 


Case Report. Case 1. A 31 year old Negro 
private entered the hospital Feb. 9, 1943, 
because of a non-productive cough of 2 weeks 
duration. Physical examination was nega- 
tive except for crepitant rales at the right 
lung base. He had lost 16 pounds in the 
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2 months prior to admission. A roentgeno- 
gram of the chest revealed widening of the 
right hilar region and irregular mottled 
density in the right lower lung field, inter- 
preted as probable atypical pneumonia. 
The day following admission, he developed 
fever, ranging from 101° to 103° and con- 
tinuing for 1 month. On Feb. 11, 2 days 
after admission, the coccidioidin cutaneous 
test was + in 1 to 100 dilution. On Febru- 
ary 14, the leukocyte count was 10,300 
with 10% eosinophils. The Kahn test was 
negative. On February 21, blood obtained 
from the patient for coccidioidin serologic 
test was sent to Dr. C. E. Smith at Stan- 
ford University School of Medicine. The 
test was reported as follows: 

Complement fixation: serial dilutions of 
serum (0.25 cc.): 1 to 2, 4+; 1 to 4, 4+; 
1 to 8, 4+; 1 to 16, +; 1 to 32, +. 

Precipitin tests: serial dilutions of anti- 
gens: undiluted, 4+; 1 to 10, 4+; 1 to 40, 
+; 1 to 100, 0. 

These findings were characteristic of 
severe coccidioidal infection. On March 12, 
the density in the right lung field was not 
appreciably changed but there was marked 
enlargement of the mediastinal shadow 
indicative of right hilar adenopathy. -At 
this time,the fever subsided and the patient 
was generally improved. On March 20, 
the second coccidioidin serologic test, per- 
formed at Stanford, was reported as follows: 

Complement fixation: serial dilutions of 
serum (0.25 cc.): 1 to 2, 4+; 1 to 4, 4+; 
1 to 8, 4+; 1 to 16, 4+; 1 to 32, 4+; 1 to 
64, 3+; 1 to 12, +; 1 to 156, 0. 

Precipitin tests: serial dilutions of anti- 
gens: undiluted, 3+; 1 to 10, 3+; 1 to 40, 
0; 1 to 100, 0. 

The increase in the complement fixation 
titer was interpreted as indicating dissemina- 
tion despite the normal temperature and 
absence of clinical evidence of dissemination. 
About April 20, 10 weeks after admission 
to the hospital, the patient suddenly devel- 
oped severe frontal and occipital headache 
with nuchal rigidity. The cerebrospinal 
fluid pressure was moderately elevated 
(manometric readings were not obtained). 
The fluid contained 900 cells per c.mm., of 
which 70% were lymphocytes. Cerebro- 
spinal fluid, Kahn and Wassermann were 
negative. No organisms were found on 
smear or culture. Following the onset of 
meningeal symptoms the patient ran a 


low-grade fever for 5 days. This subsided 
without recurrence. About Apr. 25, 1945, 
the spinal fluid showed 530 cells, of which 
83% were lymphocytes and 17% neutro- 
phils. The colloidal gold curve was 555551- 
0000. The patient was afebrile at the time 


but had severe generalized headache, and 


the nuchal rigidity persisted. There were 
no localizing neurologic findings at any time 
during the period of observation. The 
ocular fundi, were consistently normal and 
at no time were signs of cerebrospinal fluid 
block demonstrable. On May 26, 1943, 
approximately 1 month after the occurrence 
of his meningeal symptoms he was trans- 
ferred to William Beaumont General Hospi- 
tal. At that time headaches were his only 
complaints. These were described as diffuse 
and of moderate intensity. They were not 
incapacitating, and the patient could not 
be convinced of the necessity for remaining 
in the hospital. His general condition was 
good, and he had gained considerably in 
strength but was still 20 pounds below his 
average weight. Repeated detailed neuro- 
logic examinations did not reveal abnormal 
findings other than a slight to moderate 
nuchal rigidity. On June 9, cerebrospinal 
fluid was examined again at William Beau- 
mont General Hospital, and the following 
findings were reported: white blood cells, 
586 (lymphocytes, 58%; neutrophils, 42%). 
Globulin was 3+, gold curve 5555543210. 
At this time the fluid was reported positive 
for Coccidioides immitis, both on direct 
smear and culture. Guinea pig inoculation, 
unfortunately, was not done. About June 20, 
approximately 2 months after dissemination 
to the meninges, the patient first noticed a 
slight staggering on walking and transitory 
diplopia which continued off and on for 
approximately 1 month. On July 5, the 
cerebrospinal fluid was again reported posi- 
for Coccidioides immitis, both on direct smear 
and culture. The total cell count was 725 
(95% of which were lymphocytes). The 
colloidal gold curve was 5555555421. At 
this time the patient complained only of 
headaches and the inactivity that was forced 
upon him. He had a rather marked feeling 
of euphoria and appeared normal. Detailed 
physical examination revealed no signs of 
dissemination to other organs. Neurologic 
examination was repeatedly negative. On 
September 17, he was trarsferred to a Veter- 
ans Administration Facility. There he was 
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reported as well-nourished, ambulatory and 
asymptomatic, and apparently normal in 
all respects. Physical and neuropsychiatric 
examinations were again essentially negative. 
Laboratory findings, including blood count, 
blood Wassermann, sedimentation rate and 
sputum examination were normal. Chest 
Roentgen ray, September 1, showed fibrosis 
involving the right lower lobe and enlarge- 
ment of the right hilar glands. The cerebro- 
spinal examination, October 1, was reported 
negative at this institution. On October 5, 
the patient was given a pass and failed to 
return to the hospital. He was discharged 
“Absent Without Leave.” Periodic follow- 
up of this patient has been obtained. The 
last report (Aug. 15, 1945) reveals that the 
patient has remained well, is without com- 
plaints and is currently employed as a steve- 
dore in Norfolk, Virginia. 


Comment. It may be objected that 
absolute proof that this patient had coc- 
cidioidal meningitis is lacking in that the 
etiologic agent was not identified by 
animal inoculation studies. However, the 
clinical and laboratory evidence supports 
the diagnosis beyond.a reasonable doubt. 
The diagnosis of disseminated coccidioido- 
mycosis is conclusive, being based upon 
the following evidence: The patient, a 
colored man, living in a known endemic 
region, developed a respiratory infection, 
characterized by cough, fever, roentgeno- 
logic signs of pulmonary infiltration and 
hilar adenopathy, eosinophilia, coccidi- 
oidin skin test positive in 1 to 100 dilution 
and 2 coccidioidin serologic tests with 
complement fixing antibodies present in 
high titer indicative of dissemination. 
During the course of disseminated coc- 
cidioidomycosis the patient developed 
signs and symptoms of meningitis con- 
firmed by repeated cerebrospinal fluid 
lymphocytosis, a paretic type of gold 
curve on 3 examinations (strong corrobora- 
tive evidence in the absence of syphilis) 
and organisms identified by direct smear 
and culture as Coccidioides immitis. 


The patient’s course has been entirely 
benign, and he remains asymptomatic 
and in apparently good health. In view 
of the fact that no authenticated recovery 
from coccidioidal meningitis has been re- 
ported and that survival: for long periods 


occurs and complications incident to cere- 


brospinal fluid block may be long delayed, 
the case is presented not as one of recov- 
ery, but one with a survival period of 
2 years and 7 months and who has long 
been free from symptoms of any kind.* 
The patient will be followed from time to 
time and a report of his future course 
will be made in a subsequent communi- 
cation. 


CasE 2. A 22 year old Negro private, 
first class, was admitted to the hospital on 
Dec. 14, 1943, because of progressive cough 
and expectoration, profound lassitude, weak- 
ness for 2 months, and pain in the chest of 
2 days’ duration. Physical examination was 
essentially negative except for fever, diffuse 
sibilant rales bilaterally, and a small indolent 
verrucous skin lesion in the anterior mid- 
line of the neck. The chest roentgenogram 
on admission showed marked tracheobronch- 
ial lymphadenopathy and extensive bilateral 
pulmonary infiltration. The erythrocyte 
count was normal, but there were 15,500 
leukocytes with a normal differential count. 
On December 15, the Kahn test was 3+. 
On December 19 it was 1+ and on Decem- 
ber 31 it was reported as doubtful. Subse- 
quently, reports on the Kahn and Kline 
tests from 3 different laboratories varied 
from negative to 1+. . After Jan. 7, 1944, 
the Kline, Kahn and Wasserm ann tests were 
repeatedly negative. Spinal fluid examina- 
tion was negative. The coccidioidin cuta- 
neous test in 1 to 100 and 1 to 10 dilutions 
were nezative repeatedly over a period of 
5 months. Ceccidioides immitis was not re- 
covered from the sputum, but biopsy and 
culture from the skin lesion on the neck were 
positive for the fungus. Serologic tests 
done at Stanford confirmed the diagnosis of 
disseminated coccidioidomycosis. The pa- 
tient ran a spiking fever from 101° to 103° 


* Dr. C. E. Smith, in a personal communication, cites an instance of proven coccidioidal meningitis 
with survival for 4 years. During this period, however, the patient continued to have symptoms and 
ultimately died as a result of internal hydrocephalus, a late sequel of his meningitis. Although the 
infection apparently was inactive mechanical cerebrospinal fluid block presumably was responsible for 


the patient’s death. 
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daily until May, and thereafter between 99° 
and 100° for approximately another 2 months. 

In January, he developed a second papillo- 
matous skin lesion about the right nares. 
This enlarged to approximately the size of 
a walnut, was dry and irregular, without 
acute inflammatory reaction, and showed 
numerous white, punctate areas on the 
surface. Coccidioides immitis was recovered 
from the lesion. In February, the lymph 
glands at the posterior angle of the jaw on 
the right side became enlarged. Subse- 
quently, there was extraordinary swelling, 
tenderness and fluctuation in the right 
pre-auricular, submental and bilaterally in 
the cervical and supraclavicular lymph 
glands. The latter progressed to abscess 
formation. These were incised, and for 
2 weeks continued to drain a thin, turbid 
fluid with curd-like material from which 
Coccidioides immitis was cultured. In May, 
there was a reduction in the fever and 
gradual regression of the lymphadenopathy, 
gain in weight and progressive clinical im- 
provement which continued until his trans- 
fer to another hospital on July 2. He was 
discharged from the latter and from the 
Army on August 3 greatly improved. His 
clinical improvement could not be correlat- 
ed with attempts at specific therapy includ- 
ing 3 immunotransfusions and a course of 
penicillin. It is possible that the latter 
might have prevented secondary infection 
of the draining abscesses as these were 
conspicuously free from pyogenic infection 
and healed uneventfully. 


Comment. The dominant clinical fea- 
tures in this case were the high, irregular 
fever with gradual subsidence over a 
period of 7 months, extensive bilateral 
pulmonary infiltration, extraordinary hilar 
and cervical and supraclavicular lymph- 
adenitis with abscess formation and drain- 
age in the latter, verrucous skin lesions 
and a transient positive Kahn test. A 
positive coccidioidin cutaneous test (even 
in 1 to 10 dilution) was never obtained 
on this patient, although the coccidioidin 
serologic test was positive in high titer, 
characteristic of dissemination. Although 
the patient was critically ill and originally 
given a poor prognosis, his symptoms and 
findings finally regressed and spontaneous 
recovery occurred. 


Case 3.—A 31 year old white private 
entered the hospital on Nov. 20, 1942. He 
had been in Arizona for 2 months. He gave 
no history of serious illness, venereal or 
otherwise. One week prior to admission he 
developed cough, fever and pleuritic pain 
in the left side of the chest. Physical exam- 
ination revealed only crepitant rales at both 
lung bases. The temperature returned to 
normal on the 5th day and remained so 
until December 1. At that time, in addition 
to cough and chest pain, fever of a high 
swinging type ranging from 100° to 104° re- 
curred, associated with tachycardia, drench- 
ing sweats and clinical and roentgenologic 
signs of massive left-sided pleural effusion. 
There was an extreme shift of the mediasti- 
num to the right associated with episodes of 
distressing dyspnea and cyanosis, relieved 
by repeated thoracentesis. A leukocytosis 
between 21,000 and 30,000 was consistently 
present for 2} months. Eosinophilia ranged 
between 10 and 27%. The pleural fluid 
was serous and varied in specific gravity 
from 1.019 to 1.024, had a high protein 
content and contained 500 to 600 cells per 
c.mm., predominantly lymphocytes. No 
organisms were recovered from the fluid. 
Serologic tests for syphilis were of interest. 
They were reported as follows: Novem- 
ber 21, Hahn 4+, Kline 4+; November 26, 
Kahn 4+, Kline 4+; December 3, Kahn 
4+, Kline 4+, Wassermann negative. The 
cerebrospinal fluid was negative. The 
patient’s condition was critical, and because 
of the possibility of complicating syphilitic 
infection, antiluetic treatment was begun 
and continued for 26 weeks. In the light of 
subsequent experience it is felt that these 
serologic tests were of the false biologic type 
and not indicative of actual syphilitic infec- 
tion. The coccidioidin cutaneous tests in 
dilution of 1 to 100, or above, were repeatedly 
negative. The test in 1 to 10 dilution was 
slightly positive (+). On Apr. 8, 1943, the 
coccidioidin serologic test was positive in 
high titer, indicative of dissemination. 
Numerous sputum examinations were nega- 
tive for tubercle bacilli and fungi. 

The patient was transferred to Fitzsimons 
General Hospital on February 12. On 
April 12, Coccidioides immitis was recovered 
from gastric washings and identified by 
positive guinea pig inoculation. The patient 
remained critically ill from Dee. 1, 1942, 
until early in March 1943, following which 
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there was a gradual regression of all his 
symptoms and general clinical improvement. 
At no time did he have clinical evidence of 
syphilis. He was given a Medical Disability 
Discharge on June 21. Reports of examina- 
tion at a Veterans Administration Facility, 
Dec. 3, 1943, a year after the onset of his 
illness, indicated complete recovery. The 
blood Wassermann at that time was nega- 
tive. No evidence of pulmonary residue or 
pleuritis was found clinically or roentgeno- 
logically. 


Comment. The salient features in this 
case include fever, cough, pleuritic pain, 
massive pleural effusion with compression 
symptoms, high-sustained leukocytosis, 
eosinophilia, positive blood Kahn and 
Kline tests but negative Wassermann; 
only slightly positive cutaneous coccidi- 
oidin tests in 1 to 10 dilution; coccidioidin 
serologic tests characteristic of dissemina- 
tion, and recovery of Coccidioides immitis 
from gastric washings. The patient’s 
illness simulated tuberculous pleurisy with 
effusion, but presented certain hemato- 
logic and serologic features not explicable 
on such a basis. The etiologic diagnosis 
was established by the coccidioidin sero- 
logic tests and confirmed by animal inocu- 
lation studies. No localization of the 
infection other than pleural could be 
demonstrated. Unfortunately, premature 
antiluetic therapy instituted because of 
the urgency of the situation masked the 
significance of the positive Kahn and 
Kline tests. However, subsequent experi- 
ence with false positive serologic tests in 
coccidioidomycosis leads us to believe that 
syphilis was improbable in this patient, 
and that antiluetic treatment should have 
been withheld until the problem of co- 
existent syphilis could be decided by 
further observation and verification tests. 


Differential Diagnosis. The differential 
diagnosis of coccidioidomycosis would 
require consideration of a variety of unre- 
lated and dissimilar diseases. Many of 
these have only a superficial resemblance 
to certain features of coccidioidomycosis. 
From a practical, clinical standpoint acute 
coccidioidomycosis may simulate bronchi- 
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tis, pleuritis, influenza and the bacterial 
pneumonias. In our experience the most 
common differentiation was from primary 
atypical pneumonia. If, as occasionally 
happens, the initial cutaneous eruption is 
prominent, it may dominate the clinical 
picture for a time and suggest measles, 
scarlet fever, drug idiosyncrasy or diseases 
of the erythema group. The association 
of fever, arthritic pain, erythema nodo- 
sum, increased erythrocyte sedimentation 
rate, pleural involvement and pneumon- 
itis might conceivably be mistaken for 
rheumatic fever. When eosinophilia is 
marked, parasitic infestation, trichiniasis 
and even Loeffler’s syndrome might be 
suspected. Practically, these should rarely 
if ever cause difficulty. 

The disseminated form is more likely to 
be confusing because of the number and 
variety of manifestations possible in the 
respiratory, nervous and skeletal systems 
and in the skin and lymph glands. It 
must be differentiated from other mycotic 
infections and from miliary, pulmonary, 
meningeal and bone tuberculosis. Local- 
ized intracranial granuloma simulating 
brain tumor has been reported.’*° In 
many instances the residual, pulmonary 
nodular lesions observed roentgenographi- 
cally are not easily distinguishable from 
malignant metastases. A knowledge of 
the multiplicity of clinical features, of 
the value and limitations of the cutaneous 
and serologic tests, and cultural and ani- 
mal inoculation studies should enable one 
to establish the diagnosis in the over- 
whelming majority of cases. 

Treatment of Coccidioidomycosis. The 
object of treatment is to afford the patient 
the optimum conditions for focalizing his 
infection. This requires adequate rest, 
general measures and symptomatic treat- 
ment such as are carried out for any 
patient with an active infection. Such 
measures should be maintained until the 
infection has subsided clinically and the 
pulmonary lesions have regressed com- 
pletely or become stationary. Prolonged 
hospitalization may be required. The 
sedimentation rate affords a reliable index 
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of activity of the infection. Special cau- 
tion should be exercised in evaluating 
activity in dark-skinned patients such as 
Negroes, Fillipinos and Mexicans, who 
have a greater susceptibility to infection 
and a higher incidence of dissemination. 
Drug treatment is of little importance. 
Symptomatic use of analgesics such as 
salicylates, with or without codeine, suffice 
in the ordinary acute cases. 

There is no specific treatment for dis- 
seminated coccidioidomycosis. The var- 
iety of drugs used in the past, including 
the more recently tried sulfonamides and 
penicillin, have proven ineffective. Al- 
though some have advocated the use of 
vaccines, their value is still unestablished. 
Immuno-transfusions have been carried 
out, but their therapeutic efficacy is diffi- 
cult to assess and their specific value is 
doubtful. Incision and drainage of ab- 
scesses with concurrent use of penicillin 
to minimize secondary infection can be 
undertaken with impunity. These lesions 
appear to heal satisfactorily under such 
circumstances. Surgical removal of fun- 
gating or verrucous cutaneous lesions has 
been done with good results. It is obvious, 
however, that the removal of such lesions 
exerts no influence on the fundamental 
course of the disease. 

Treatment of patients with pulmonary 
cavities is still unsettled. Such patients 
are apparently immune to dissemination 
and evidence of local spread of the fungus 
from cavities to adjacent pulmonary tis- 
sue has not been demonstrated. Most 
cavities ultimately heal spontaneously. 
There is a difference of opinion as to 
whether or not active treatment should 
be used even when the cavities persist for 
long periods. Patients with such lesions 
are usually in good health and suffer no 
apparent ill-effects, except occasional hem- 
optysis in a small percentage of cases. 
Conservative measures seem to be the 
treatment of choice. We have had no 
experience in the use of pneumothorax, 
phrenicolysis or the application of weight- 
ed bags to the chest as suggested by 
Denenholz and Cheney.” We have en- 


countered no patients in whom it was felt 
that any of these measures were indicated. 

Summery. As with many diseases 
which hitherto have been of merely local 
or academic interest, coccidioidomycosis, 
due to the exigencies of war, has acquired 
a more general and practical clinical im- 
portance. A large influx of soldiers and 
civilians into endemic regions had oc- 
curred. Several such areas have. been 
and will continue to be popular health 
and winter resorts, attracting patients 
and tourists from various sections of the 
country. A number of non-immune new 
arrivals dependent upon their length of 
residence, inevitably acquire the infection 
and subsequently move elsewhere. Many 
such individuals, with or without a history 
of primary infection show residual pul- 
monary lesions roentgenographically. The 
interpretation of such lesions presents con- 
siderable difficulty and possibilities for 
serious error if their nature and signifi- 
‘ance are unknown. The necessity and 
responsibility for recognizing coccidioido- 
mycosis in its various phases and wherever 
encountered is evident. 

The present report is based upon per- 
sonal experience with 77 hospitalized 
cases of coccidioidomycosis and a study 
of clinical and roentgenographic material 
upon approximately 200 additional pa- 
tients observed in southern Arizona be- 
tween August 1941 and August 1945. The 
salient clinical, laboratory and roentgeno- 
graphic features are presented with par- 
ticular emphasis upon changes and varia- 
tions peculiar to different types and stages 
of the disease. The common Roentgen 
ray patterns of progression and resolution 
are described. The fact that coccidioido- 
mycotic cavities and nodules may persist 
for many months or several years is re- 
iterated, and in the future must be taken 
into consideration in contemplated mass 
surveys of the chest. The essential cri- 
teria for diagnosis, and the relative value 
and limitations of various diagnostic 
procedures are indicated. Three case his- 
tories, illustrating different clinical pat- 
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terns of disseminated cocciodioidomycosis, meningitis are reported. The differential 
1 with apparent recovery from coccidioidal diagnosis and treatment are discussed. 


Dr. Charles E, Smith and staff of the Department of Public Health and Preventive Medicine, Stan- 
ford University Medical School, supplied the material for the skin tests, performed the serologic tests 
and in other ways gave valuable assistance. Capt. Joseph Hanelin, M.C., A.U.S., contributed to the 
roentgenologic study of patients seen prior to 1944. To them the authors wish to express their acknowl- 
edgement and appreciation. 
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PENICILLIN THERAPY IN PYOGENIC DERMATOSES* 


By J. GarpNER Hopkins, M.D. 
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HERBERT LAWRENCE, M.D.t 
SAN FRANCISCO, CALIFORNIA 


With the technical assistance of Gerbert C. Rebell and R. Brube Ledin. 
(From the Department of Dermatology, Columbia University, New York) 


PyocEnic cocci flourish in diseased epi- 
dermis. Since the first report of Rox- 
burgh® on the use of penicillin in these 
superficial infections, many papers have 
appeared. There is unanimity as to the 
effectiveness of penicillin in impetigo, 
ecthyma and furunculosis; but with syco- 
sis and with secondary infections in 
eczematous eruptions and acne, previous 
observers report varying degrees of suc- 
cess. Much uncertainty remains also as 
to dosage and methods. 

The following observations were made 
on 618 soldiers. The more severe cases 
and others who could be relieved from duty 
(211 in all) were treated in a hospital, the 
majority (407) in a dispensary. The 
lesions were grouped under the following 
diagnoses (Table 1). 

Impetico. ‘There were 52 cases of 
impetigo contagiosa involving head and 
neck and 35 cases of “bullous” or “ tropi- 
cal” impetigo! involving chiefly the cov- 
ered portions of the body, especially the 
axille. The results in both forms were 
almost uniformly good whether treatment 
was topical or intramuscular. This agrees 
with the experience of most previous ob- 
servers. The rapidity of response was 
striking. Many cases were much im- 
proved overnight, 9 appeared well in 
3 days and the median time for clearing 
was 6 to 7 days. 

There were apparent explanations for 
most of the 16 failures. Three patients 


had been sensitized to penicillin, 2 of 
them by previous treatment. Three were 
treated with ointment containing only 
100 units of penicillin per gram. Two 
had also a folliculitis of the beard, a 
probable source of reinfection. Others 
were obviously irregular in applying 
treatment. 

The frequency of relapse was surprising. 
Of 35 cases recalled for follow-up after 
2 weeks, 10 (28%) had developed new 
lesions. This would appear an indictment 
of penicillin therapy, but it was doubtless 
due to the rapidity of apparent cure which 
led to premature cessation of treatment. 
It indicates, however, the necessity of con- 
tinuing treatment of neighboring as well 
as involved areas after apparent cure. It 
may prove advisable to follow penicillin 
with ammoniated mercury or some other 
antiseptic. 

EctuyMa. The ecthymatous lesions en- 
countered varied in extent and severity. 
Several resulted from chigger bites, others 
from scabies, creeping eruption or excori- 
ated dermatitis venenata. Frew seemed 
characteristic of the fly-borne ecthymas 
which were common among combat troops 
in tropical areas. 

Response to local or intramuscular 
treatment was rapid and, considering the 
obstinacy of these cases to other therapy, 
even more impressive than in impetigo. 
Of the 33 cases treated, 27 (82%) cleared 
in a median time of 7 days; 17 were fol- 


* The work described in this paper was done under a contract, recommended by the Committee 
on Medical Research, between the Office of Scientific Research and Development and Columbia Uni- 


versity. 


+ The authors gratefully express their indebtedness to Col. Roger G. Prentiss, Jr., and Lt. Col. Clarence 
S. Livingood of the Office of the Surgeon-General, and to Col. William Denton, Post Surgeon, Fort 
Benning, to Col. Chauncey E. Dovell, Commanding Officer, and Capt. Michael Bolus, Chief of Derma- 
tological Section, A. S. F. Regional Hospital, Fort Benning, for arranging facilities for this investigation 
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lowed from 1 to 3 weeks after healing 
and only 3 (18%) had relapsed. Four of 
6 additional cases who disappeared after 
| or 2 days of treatment were already 
much improved. 

Of the 6 failures, 1 appeared sensitized 
although he disappeared before skin tests 
could be carried out. A second was treated 
only with 100 unit gauze and resistant 
strains of staphylococci were recovered 
from the remaining 3. 


TaBLe 1.—RESULTS OF 


Duration Cultures 
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No. infectiont lesionst 
Magniais casen® ee aneaneemm, 
4 2 
4 = 
2b E 
= s 2 8 e m | 
a = S 2s = 
46 6 25 sa $6 
3 3 ‘B as 3 $ ‘p c] 
oon > 2 a $m 
a 22 2 @ @ 
Primary infectiune % % 
impetigo contagiosa 52 7 6 2 19 79 38 
{mpetigo bullosa 35 «10 ae | 18 82 45 
Ecthyma 33 «14—s«2102 3 87 36 7% 
Folliculitis of beard 50 49 10y 2 13 57 54 
Folliculitis elsewhere 28 14 Wy } 4 50 39 
Furunculosis i i | ae . sh. = 
Hidrosadenitis 9 14 ly 2 0 86 14 
Secondary infections in 
Dermatophytosis of feet 226 2 82 
[ntertrigo 15 33 0 92 
Eezematous dermatitis 144 46 48 75 
Acne 23 0 12 @ 


to 3 years duration. Others had devel- 
oped during an attack of impetigo 1 or 
2 weeks before. Some may well have 
been transitory infections, but some cases 
of only a weeks duration proved very 
resistant to treatment. 

In several Negro patients, the bearded 
area was covered with keloid-like papules, 
a type of lesion which has been variously 
interpreted.© The foreign body effect of 
embedded hairs was probably the chief 
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* Of the 618 patients, 18 were treated for 2 lesions of different character and each lesion was considered @ separate case. 
t The median, maximum and minimum duration of infection is tabulated in days, except where a “v” indicates years. It was im- 


possible to determine the duration of secondary infections. 


t Percentages are based on cases from whom satisfactory cultures were obtained, about 80% of the total. Two or 3 types were fre- 
quently obtained from open lesions, simultaneously or at different times during treatment. 


§ The infection was recorded as “controlled” when clinical signs 


record coincided with the disappearance of the lesion, except for residual erythema or desquamation. 


of pyogenic infection disappeared. In the primary infections, this 


“Time” records the median, maximum and minimum days under treatment, before infection was controlled. 


FOLLICULITIS OF THE BEARD. It is well 
known that simple follicular infections of 
the beard respond well to antiseptic treat- 
ment, whereas other cases in which consti- 
tutional or anatomic factors or allergy 
seem to play a dominant réle are most 
difficult therapeutic problems. There are, 
however, no precise criteria by which the 
latter group, called sycosis barb, can 
be identified. Some have reported success 
with penicillin therapy in sycosis, but 
others only temporary benefit or complete 
failure. The cases of this series were of 
unequal severity: 8 were of from 2 months 


cause of their pustules. Two patients on 
culture yielded only a few coagulase nega- 
tive staphylococci and it is doubtful if 
these eruptions were caused by infection. 
In others pustules continued to develop 
after pathogenic cocci could no longer be 
found in their lesions. One obvious diffi- 
culty in treatment was the delivery of 
an effective dose of penicillin at the depth 
of the hair follicle. Various combinations 
of intramuscular and oral therapy with 
local applications of different strength were 
employed in hope of achieving success. 
The results were not easy to judge on 
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account of the frequent persistence of 
scattered macules and papules after active 
pustulation had ceased. The percentage 
of cases that could be considered cured 
was low (Table 1) and follow up periods 
too short to be certain of the permanence 
of cure in a disease so prone to relapse. 

Apparent cure in 3 to 23 days was 
obtained in 14 cases. ‘These varied in 
severity and in duration from a few days 
to 1 year; 10 of them were followed for 
7 to 18 days and 8 showed no evidence of 
relapse in this brief period. 

Cultures from 11 of these successful 
cases were studied and showed a predomi- 
nance of penicillin sensitive organisms. 


Penicillin sensitive staphylococci . Aegys 
Penicillin sensitive staphylococci and streptococci . 
Penicillin resistant staphylococci . é 

Sensitive cocci and resistant cocci 

Staphylococci of doubtful sensitivity 

Only coagulase negative staphylococci 


It appeared that in folliculitis caused 
by sensitive cocci, penicillin is effective if 
applied in sufficient concentration. 

In 4 other cases the infection was con- 
trolled only after 5 to 11 weeks of treat- 
ment. All showed penicillin resistant 
staphylococci, which persisted in repeated 
cultures. After trial of many dosages, 
they finally cleared under paintings with 
a solution of 100,000 units per cc., plus 
(in 3 cases) intramuscular injection of 
600,000 units a day. 

Eight other cases with resistant staph- 
ylococci seemed nearly clear after similar 
huge doses, though occasional pustules 
continued to appear. Still others showed 
striking improvement in the 1st week and 
developed no conspicuous lesions as long 
as treatment was continued. One must 
doubt whether any of these patients were 
permanently cured, but it did appear 
that enormous amounts of penicillin had 
some inhibitory effect on these resistant 
staphylococci. 

FOLLICULITIS OF THE TRUNK AND Ex- 
TREMITIES. The results in this group of 
28 patients were surprisingly poor. Only 
8 cleared up, 4 others were markedly im- 
proved and 16 made no significant prog- 


ress. The results of the cultures were 
also surprising. These eruptions, chiefly 
on the buttocks, thighs and legs, or in 
the groin or. axille appeared to be infec- 
tions, but often responsible organisms 
could not be isolated. In 3 cases, some 
of the hairs pulled from the center of pus- 
tules gave no growth when inoculated on 
blood plates. Other cultures showed only 
1 or 2 colonies or only coagulase negative 
staphylococci. From only 4 did we ob- 
tain numerous colonies of penicillin sus- 
ceptible, coagulase positive staphylococci. 
One of these cases cleared and 2 improved. 

Furvuncu.Losis. ‘Twenty-one cases of 
furunculosis were treated, 5 by intra- 


Cases 
: > ok. eS 3 


be CO 


muscular injections, 5 by oral administra- 
tion, 4 by intramuscular injections fol- 
lowed by oral administration and 7 by 
local application of ointments. They 
were treated for 2 distinct purposes: the 
control of the acute furuncles and the 
prevention of recurrence. As furuncles 
discharge and heal spontaneously the per- 
centage healing under penicillin is of no 
significance, but definite impressions were 
gained from our observation of these cases. 

Local application had no effect except 
perhaps to accelerate healing of already 
discharging furuncles. The effect of intra- 
muscular injections was dramatic in 1 case 
with multiple large furuncles and in 6 
others appeared to hasten the involution 
of acute lesions. Oral treatment gave 
similar, though less convincing results. 
Relapses occurred in only 1 of the 10 cases 
which were followed. 

HiprosaDeEnitT1s. Uniform, at least 
temporary success was obtained in 9 pa- 
tients with axillary lesions probably origi- 
nating in the sweat glands. The majority 
had recent infections, but 1 had had 
repeated lesions for a year and another 
for 6 weeks. They received intramuscular 
injections for from 2 to 10 days, and in 
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3 cases this was followed by a course of 
oral therapy. All cleared in a median 
time of 1 week. Only 2 cases could be 
followed and 1 of these had relapsed. 
DERMATOPHYTOSIS. Among the cases 
treated in this series were 264 pyogenic 
infections of the feet, which were appar- 
ently secondary to dermatophytosis; 36 
cases, who showed an eczematous reaction 
on the dorsa of the toes, have been includ- 
ed for tabulation in the group of eczema- 
tous dermatidides, because it was found 
that the presence of such reaction influ- 
enced the response to penicillin. Of the 
remaining 226 non-eczematous cases, 25 
had lymphangitis or lymphadenitis, which 
in most arose from infected dermatophytic 
bullze on the sole; 42 others had similar 
infected bulle without extension of the 


ing results were those in cases complicated 
with lymphangitis and lymphadenitis. It 
had previously seemed necessary to hospi- 
talize many such cases, but 19 of the 25 
cleared up when bandaged with penicillin 
gauze and simply relieved from active 
duty. 

These results would lead one to con- 
clude that this antibiotic is of outstanding 
value in these pyogenic infections of the 
feet; but the bacteriologic findings make 
it difficult to attribute all cures to the 
penicillin. Of 165 cases from which cul- 
tures were studied, 90 (54%) yielded 
staphylococci resistant to penicillin in 
vitro. These were sometimes in pure cul- 
ture, sometimes mixed with penicillin sen- 
sitive strains and often with streptococci 
(see table). 


Infection 
No. controlled 
cases (%) 
Penicillin sensitive staphylococci only 21 90 
Penicillin resistant staphylococcionly . . .. . . . 26 73 
Penicillin resistant staphylococci with or without sensitive 
staphylococci and/or hemolytic streptococci . . . . . 90 78 


infection to the lymphatics. There was 
a non-suppurative cellulitis of the toes in 
22 cases. In 78 cases there were weeping 
areas where the stratum corneum was de- 
nuded and 13 showed fissures between or 
beneath the toes. Of the remaining 46, 
many showed pustules or other evidence 
of pyogenic infection, but some were 
simple intertrigos of the toes, in which it 
was desired to test the effect of penicillin. 
Fungi were demonstrated in 73% of 
240 cases, scrapings from whom were 
examined microscopically. 

The pyogenic infection appeared con- 
trolled in 82% of these cases in a median 
time of 4 days. The relapse rate 14% 
was not high. Fissures healed promptly 
in all 13 cases treated. Denuded areas 
healed in 78% of such cases in a median 
time of only 3 days. Cellulitis cleared in 
the same percentage. Two patients with 
a streptococcus infection, which spread 
by undermining the horny layer of the 
sole—a type of infection it has been diffi- 
eult to control with other agents—did 
well under penicillin. The most convinc- 


The following observation showed that 
the less severe cases would heal without 
the aid of an antibacterial agent. Nine 
patients with denuded areas or infected 
bulle were treated for 1 to 8 days on 
1 foot with penicillin gauze and on the 
other with gauze impregnated with plain 
carbowax. In 8, both feet healed with 
equal rapidity. In the 9th, the penicillin 
foot healed more rapidly. 

It is probable that in cases showing only 
sensitive cocci, penicillin was effective, 
and that in others, with mixed cultures, 
its inhibition of sensitive strains was 
decisive in controlling the infection. The 
overall frequency and rapidity of cure 
was probably increased by the routine use 
of penicillin. 

Comparison with cases previously treat- 
ed with other antibacterial agents, indi- 
cates that penicillin was more effective. 
During the past 3 years we have used 
sulfathiazole 5% combined with tannic 
acid 10%, zinc peroxide 20 % and zephiran 
0.5 % extensively in treatment of pyogenic 
infections of the feet. Selecting only cases 
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with similar lesions and only those whose 
feet were bandaged with carbowax gauze 
impregnated with the antiseptic, the re- 
sults were compared with the patients 
similary treated. with penicillin (Table 2). 

In all 3 types of cases, the percentage 
clearing under penicillin was higher and 
the average time of clearing less than with 
the other treatment agents. The rapidity 
of response to penicillin was especially 
striking. In 3 days infection was con- 
trolled in 40% of the cases treated with 
penicillin, in 20% of those treated with 
sulfathiazole, in 18 % of those treated with 
zinc peroxide and only 12% of those 
treated with zephiran. 


TABLE 2. 


Cypes of lesions 
infected bulle: 
Penicillin 
Sulfathiazole 
Zephiran 


Denudation: 
Penicillin 
Sulfathiazole 
Zine peroxide 
Zephiran 

Fissures: 
Penicillin 
Sulfathiazole 
Zinc peroxide 
Zephiran 


INTERTRIGO. There were 15 patients 
with intertrigo of the groin or axille treat- 
ed with penicillin ointments; 8 were exam- 
ined for fungi and all were negative; 
infection was controlled in only 3 cases; 
5 were materially improved. It is doubt- 
ful if even the few cures obtained were 
due to specific action of the penicillin as 
out of 12 cases from whom cultures were 
obtained, 11 showed resistant staphylo- 
cocci. 

Eczematous Dermatitis. Under this 
heading are included 144 heterogeneous 
cases all of which showed a dermatitis 
characterized by edema, and pin-point 
vesicles or areas of exudation. Most 
showed also pustulation or other evidence 
of secondary infection. The etiology of 
the primary dermatitis was varied and 


often undetermined, and it was not 
expected that penicillin would influence it 
On culture, however, these cases ofter 
yield a growth of coagulase positive 
staphylococci, more profuse than one ob- 
tains from a boil, and it was hoped penic- 
illin would control this secondary infection 
which seemed frequently the chief cause 
of symptoms. In this series it appeared 
promptly effective in only 28 cases in 
which evidence of pyogenic infection dis- 
appeared in from 3 days to 2 weeks. 
These included 11 cases of probable der- 
matophytosis with secondary infection 
and eczematization, 5 eczematous erup- 
tions on the hands and 5 on the lower 


SECONDARY INFECTIONS IN DERMATOPHYTOSIS 


Infection 


No controlled Average time 


canes (%) (days) 
40 85 4 
& 62 | 44 
6 83 3 
78 8] 3 
61 59 6 
28 55 ll] 
8 50 5 
13 100 3 
15 67 4 
8 75 : 6 
7 57 § 


legs and ankles which may have been 
primarily dermatophytids. There were 
4 cases of contact dermatitis in which 
protection from the respective allergens 
doubtless aided in curing the infection. 
The effect of penicillin was most convinc- 
ing in 3 cases of infectious eczematoid 
dermatitis of the toes secondary to par- 
onychia which cleared up promptly and 
completely. 

There were also 10 cases of chronic 
dermatitis of the hands, feet or lower legs 
from 1 month to 7 years in duration in 
which not only suppuration, but practi- 
cally all signs of dermatitis cleared up 
under prolonged treatment with penicillin. 
Two were sensitive to shoe leather, but 
removal of shoes had not sufficed to clear 
up their infection. This small group of 
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therapeutic successes appeared important 
on account of the difficulty of aiding 
these chronic cases by any other procedure. 

Individualization of treatment seemed 
necessary. Some, who reacted to strong 
ointment, did well under a weaker prepa- 
ration. Others unimproved by weak oint- 
ments, cleared up under the use of a 
stronger. Some who appeared sensitized 
at first, could later be treated success- 
fully after their sensitization had subsided. 
[In several cases, the infection was finally 
controlled only after trying many modifi- 
cations in therapy for a period of 1 or 
2 months, and 1 was treated 11 weeks. 
Two patients who had repeatedly reacted 
to attempts at local therapy finally cleared 
up without evidence of sensitization under 
intramuscular injections. Conversely, 1 
patient who reacted with urticaria to intra- 
muscular injections, was successfully treat- 
ed with local applications. 

In only 2 out of 12 cases of seborrheic 
dermatitis was penicillin therapy followed 
by significant improvement. In a number 
of other eczematized, cases pustulation 
was controlled without material relief of 
the patient’s discomfort. In the majority, 
even the pyogenic infection proved re- 
sistant. This is probably explained by 
the frequent occurrence of penicillin resist- 
ant strains of staphylococcus and the 
frequency with which hypersensitivity to 
penicillin develops in these eczematized 
cases. 

AcnE. Pustular or cystic acne was 
treated in 23 cases, again with no expecta- 
tion of influencing the primary disease, 
but in hope of controlling the secondary 
infection. In only 1 case did the infection 
appear completely controlled. Local ap- 
plications of ointment had no discernible 
effect in 4 cases. Intramuscular injections 
or oral treatment showed substantial 
improvement in only 3. This may well 
be explained by the fact that cultures 
from 6 cases showed resistant strains of 
staphylococci, and that cultures from 1 
cystic case were completely sterile except 
for a few colonies of coagulase negative 
staphylococci. 


The temporary successes with penicillin 
therapy, though few, were of some interest 
because incision of infected cystic lesions 
frequently leaves scars which are dis- 
figuring when they occur on the face. 
The possibility of controlling such lesions 
without incision would seem a therapeutic 
asset, even if success is infrequent and 
temporary. 

MIscELLANEOus Cases. A number of 
patients with other dermatoses which ap- 
peared secondarily infected were treated 
with penicillin ointment. Among them 
were found 4 cases of psoriasis and 4 of 
lichen simplex. In 1 of these latter and 
1 patient with pustular rosacea, from 
whom streptococci Type C were recovered, 
the infection cleared promptly. Most of 
the others from whom cultures were ob- 
tained yielded only resistant strains of 
staphylococci and all failed to clear under 
treatment. 

THE SUSCEPTIBILITY TO PENICILLIN OF 
Srrains ENCOUNTERED. Strains of pyo- 
genic cocci isolated from these lesions 
were tested for their sensitivity to penic- 
illin by a cylinder plate method. Most 
staphylococci fell into 2 groups and gave 
readings indicating either inhibition by 
0.01 unit of penicillin or less per ce. or 
resistance to 100 or more units. Only a 
moderate number of intermediate strains 
were encountered. Only beta hemolytic 
streptococci were recorded and most were 
highly sensitive to penicillin. Many 
were of Group A, but strains of Group C 
and Group G were frequent and a few of 
Group B were isolated. The pathogenicity 
of the last 3 must be questioned. 

Streptococci disappeared in most cases 
after a few days of local penicillin treat- 
ment, but occasionally reappeared in later 
cultures althcugh treatment was contin- 
ued. In a few cases they persisted and 
1 eczema of the ankle yielded a profuse 
growth of penicillin sensitive streptococci 
(Group C) in 10 successive cultures dur- 
ing a 3 weeks period of local treatment. 
Sensitive strains of staphylococci also 
disappeared in most cases though with 
less regularity and speed. Resistant 
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strains of staphylococci often persisted 
after treatment even with concentrated 
solutions, but usually disappeared if the 
lesions healed. 

The overall correlation between the 
response of different diseases to treatment 
and the sensitivity to penicillin of organ- 
isms isolated from them was good except 
in ecthyma and dermatophytosis. In 
impetigo, furunculosis and hidrosadenitis 
the percentages of susceptible cocci and 
of favorable response to treatment were 
high. In folliculitis, intertrigo, eczema- 
tous dermatitis and acne resistant strains 
were frequent and response to penicillin 
therapy was poor. In ecthyma and in 
infections secondary to dermatophytosis, 
however, the clinical results were excellent 
although the percentage of resistant strains 
was high. Of 14 patients with lymphan- 
gitis or lymphadenitis from whose portal 
lesions resistant strains of staphylococci 
were isolated, 11 recovered promptly 
under penicillin. In nearly all groups, 
individual cases from which resistant 
strains were recovered healed promptly. 

Three events might account for these 
paradoxical results: (a) Healing may have 
been spontaneous or due to non-specific 
effects of the dressings supplied. This 
was probably true in many cases of der- 
matophytosis. (b) Inhibition of penicillin 
sensitive strains may have determined 
the cure because the coincident resistant 
strains were less virulent. Inhibition of 
the streptococci frequently present in 
ecthyma and dermatophytosis was prob- 
ably decisive and it appeared in many 
cases that inhibition of sensitive staphylo- 
cocci resulted in cure in spite of persistence 
or resistant strains. The observations of 
Spink, however, throw doubt on the 
latter hypothesis. (c) Strong ointment or 
large doses may have produced sufficient 
concentrations in some lesions to inhibit 
resistant strains. This could hardly be 
true of some strains which were viable in 
broth containing 1000 or 10,000 units 
per cc., unless one assumes that penicillin 
is more effective in tissue than in test 
tube. However, clinical observation did 
strongly suggest that penicillin was effec- 


tive against resistant staphylococci espe- 
cially in some cases of folliculitis of the 
beard, which finally cleared after most 
intensive therapy. 

SENSITIZATION TO PENICILLIN. Reac- 
tions during treatment (Table 1) or to 
subsequent patch or intradermal tests 
showed that penicillin is a potent skin 
sensitizer. Some form of cutaneous reac- 
tion which appeared allergic appeared in 
11% of all patients and in 25% of those 
with eczematous dermatitis. These will 
be discussed in a _ subsequent report.° 
Although many of these sensitizations 
were localized and transitory, they ac- 
counted for a large proportion of the 
treatment failures. In the brief treat- 
ment required for impetigo, ecthyma or 
infected dermatophytosis they seldom 
interfered with success but their high fre- 
quency in cases with previous eczematiza- 
tion seemed a warning against the local 
application of penicillin in such cases. 

LocaL TREATMENT. Ointments con- 
taining 100,000 and 10,000 units per gm. 
were freshly prepared each week in 3 types 
of bases, an oil in water emulsion (U. S. 
Army Supply Item No. 1173800), a bento- 
nite gel and a glycol-carbowax mixture.’ 
A solution of 100,000 units per cc. of 
water was painted on certain lesions. 
Ointments were kept on ice and reapplied 
every 2 hours when practicable. Gauze 
impregnated with penicillin in carbowax 
base was found convenient and economical 
for cases requiring dressings. 

The 100 unit ointments were definitely 
less effective than the stronger prepara- 
tions. In a few cases infection was con- 
trolled by 10,000 unit or 100,000 unit 
applications after the weaker ones had 
failed. On the other hand, sensitization 
developed more frequently after use of 
the stronger preparations. Although evi- 
dence for greater effectiveness of the 
stronger preparations was inconclusive, it 
seemed probable that ointments contain- 
ing 10,000 units per gm. were advantag- 
eous in most instances and painting with 
100,000 units necessary in some cases of 
folliculitis. 

No difference in the bacteriostatic effect 
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of penicillin could be detected when ap- 
plied in the 3 bases. The emulsion base 
was best tolerated by eczematous cases 
and carbowax proved most convenient for 
dressings. There is also evidence that 
penicillin is more stable in carbowax 
because it is anhydrous.‘ 

INTRAMUSCULAR THERAPY. Penicillin 
in oil and beeswax was injected once or 
twice daily in doses of 300,000 units. Four 
cases of impetigo and 3 of ecthyma were 
so treated, enough to demonstrate that 
parenteral penicillin was effective in these 
superficial infections. Such treatment 
seemed quite unnecessary. While some 
cases of folliculitis of the beard did well 
with strong local applications, others 
failed to respond until given intramuscu- 
lar injections. Most of our cases of 
lymphangitis and cellulitis responded to 
application of penicillin to the portal of 
entry, but parenteral therapy was obvi- 
ously more effective. In furunculosis and 
hidrosadenitis, parenteral or oral, seemed 
the only routes of therapy worth trial. 
The frequency of sensitization f@#llowing 
local treatment of eczematous dermatitis 
indicated that in the majority of these 
cases only systemic therapy should be 
used. 

OraL Tuerapy. Penicillin was admin- 
istered orally every 2 hours for 9 doses, 
to total 550,000 or 1,100,000 units daily. 
The results were inconclusive. For rea- 
sons which we could not determine, erratic 
and generally unsatisfactory blood levels 
were observed in most cases. This may 
have been because our patients were ambu- 
lant and on a heavy diet or possibly 


because the formalin treated capsules’ 
employed in most of our cases failed to 
release penicillin in the upper intestine. 
In spite of these low blood levels, 1 im- 
petigo, 1 folliculitis of the beard and 
4 of 5 cases of furunculosis cleared after 
taking capsules. Oral therapy seemed 
effective as a sequel to intramuscular in 
the few cases of chronic furunculosis, 
folliculitis and hidrosadenitis in which 
prolonged follow-up treatment could be 
maintained. If reduced costs make the 
huge doses required practicable penicillin 
by mouth should prove useful in suppres- 
sive treatment for prevention of relapse 
in these chronic infections. Its use in 
eczematous dermatitis would greatly re- 
duce the danger of sensitization. It may 
even prove more convenient than oint- 
ments in treating superficial infections 
such as impetigo. 

Summary. 1. Local penicillin therapy 
was rapidly effective in the majority of 
cases of impetigo, ecthyma and the pyo- 
genic complications of dermatophytosis. 

2. Intramuscular penicillin was effec- 
tive in furunculosis and hidrosadenitis. 

3. One-third of our cases of folliculitis 
of the beard cleared at least temporarily 
under penicillin. Concentrated local ap- 
plications combined with intramuscular 
injections often appeared necessary. 

4. Secondary infections in eczematous 
dermatitis were controlled in 40 % of cases, 
but sensitization developed frequently 
after local therapy. 

5. Penicillin was seldom effective in 
seborrheic dermatitis, intertrigo, follicul- 
itis of the trunk or extremities or acne. 
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ELECTROCARDIOGRAPHIC PHENOMENA ASSOCIATED WITH SPONTANEOUS 
PNEUMOTHORAX AND MEDIASTINAL EMPHYSEMA 


By Capt. Davip Lirrmann, M.C., A.U.S. 
VETERANS ADMINSTRATION HOSPITAL, WEST ROXBURY, MASS 


In the differential diagnosis of acute, 
severe precordial pain, spontaneous pneu- 
mothorax alone or in association with 
mediastinal emphysema must be consid- 
ered. The literature'*?°"-%.4 contains 
descriptions of a fair number of such 
cases and in the course of extensive hospi- 
tal practice instances of spontaneous pneu- 
mothorax are not rare. There are suffi- 
cient physical signs, for the most part, 
to render the diagnosis readily apparent. 
In some instances, however, the amount 
of air escaping into the pleural space is 
small and the diagnosis can only be made 
by radiography. In a similar manner, 
although Hamman’s sign is_ generally 
present in mediastinal emphysema, it 
often simulates a pericardial fraction rub. 
When this is associated with electrocardio- 
graphic changes, substernal oppression 
and radiation of pain to the neck or to 
the arms, one may well consider the case 
to be one of myocardial infarction. Pneu- 
mothorax alone is known to produce minor 
changes in the electrocardiograms.?:*: 
These are concerned largely with rotation 
of the electrical axis, diminution in the 
height of the T waves and slight displace- 
ment of the ST segments. On the other 
hand, pneumothorax with mediastinal 
emphysema may, apparently, result in 
grossly abnormal  electrocardiographic 
tracings.!°" Miller" has reported a ser- 
ies of such cases which demonstrated a 
low T1, flat or inverted T4 (4F) with ele- 
vation of the ST segment and small or 
absent initial deflection in the 4th lead. 
He suggested that these findings were 
probably the result of the associated 
pneumothorax. However, he also con- 
sidered the presence of a temporary func- 
tional coronary insufficiency. This was 
felt to result from right heart stasis in- 
ducing resistance to coronary emptying. 
This in turn is due to compression of the 


pulmonary vessels and reduction of their 
lumen by air dissection of the vascular 
sheaths.’ Interference with coronary fill- 
ing is also thought to occur as the result 
of increased mediastinal pressure. The 
latter would be similar in effect to increas- 
ed intrapericardial pressure and could 
even cause tamponade of the heart. Other 
observers* have noted that rotation of 
the heart on its anatomic axis may result 
in electrocardiographic alterations. Any 
or all of these factors may be operative 
It is of interest to note that these cases 
demonstrating gross electrocardiographic 
changes were all associated with a left- 
sided pneumothorax. 

It is the subject of this paper to inquire 
further into the causes of electrocardio- 
graphic abnormalities encountered in the 
presence of spontaneous pneumothorax oc- 
curring together with mediastinal emphy- 
sema. 


Case Reports. Case 1. An 18 year old 
soldier came into the hospital complaining 
of severe substernal pain which radiated to 
the neck and shoulders. The admission 
diagnosis was coronary thrombosis. The 
pain occurred suddenly some 2 hours earlier 
while patient was reaching for a telephone. 
It became progressively more severe and re- 
quired morphine for control. The patient 
volunteered the information that he felt 
more comfortable in the erect position. 
The past and family history was entirely 
non-contributory. 

When first seen the patient was pale and 
sweating and appeared to be in moderate 
shock. The pulse was 96 and of good qual- 
ity. The temperature was 97.8 and the 
blood pressure 120/76. Examination of the 
lungs revealed no gross abnormalities and 
the heart was remarkable only in that it 
was percussed with difficulty and that the 
sounds were distant. Due to the patient’s 
condition the examination was carried out 
in the supine position. 
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An electrocardiogram was made at once 
ind this demonstrated a somewhat low T1, 
a slightly inverted T4 (4F) and an absent 
R4. At this time the patient was reéxam- 
ined and in the erect position the character- 
istic mediastinal crunch was noted; the heart 
sounds were louder and the left border could 
be percussed without difficulty. A Roent- 
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gen ray of the chest confirmed the impres- 
sion of spontaneous pneumothorax on the 
left side. There was an estimated 10% 
‘collapse of the lung. Lateral views were 
interpreted as demonstrating air in the 
mediastinum. 

On the following day extensive electro- 
cardiographie studies were made. These 























Fie. 1.—Case 1. 





' 








A, Posterior-anterior view of the chest made on the day following admission. 


Arrow points to the partially collapsed lung. B, Left lateral erect. view made on the same day. C, Left 
lateral view made in the supine position. Same day. 
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included the customary limb leads, CF2, 3  cardiograms were recorded, lateral radio- 
and 4, CR2, 3 and 4 in the supine, prone grams were made of the chest with the 
and erect positions, and a continuous trac-, patient erect and in the supine position. 
ing of CF3 with the patient on a radiographic It was possible to demonstrate by Roent- 
tilt table. This tracing was begun with the gen ray that there was a great deal more 
patient in the supine position. The table air in the space between the sternum and 
was first rapidly erected, then returned to the heart with the patient in the supine 
the horizontal plane. After the electro- position than when he was erect. 


Crs cr4 cR2 CRS CR4 


D, Made upon recovery, in the supine position. 


Cr2 


Fic. 2.—Case 1. A, Obtained the day after admission in the supine position. B, The same day; made in the erect position. 


C, The same day; made in the prone position. 
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The table was then rapidly 


i. 


Tracing begun with the patient in the supine position. 


The central portion of the curve was inscribed when the table was vertica 


Lead CF3, recorded on the day after admission. 


Fia. 3.—Case 1. 
erected and returned to the horizontal position. 





The CF leads made with the patient 
supine showed T waves which were either 
flat or inverted; the R waves were absent 
or very small. The CR leads in the same 
position were essentially normal. T1 was 
low, T2 and 3 upright and 82 and 3 were 
prominent. In the erect and prone posi- 
tions Tl was higher, T2 lower and T3 
diphasic to inverted. Rl was higher and 
$2 and 3 very small. The T waves in the 
CF leads were erect although the R waves 
remained small. The T waves in the CR 
leads were upright and higher and the QRS 
excursions larger than in the supine posi- 
tion. The continuous tracing made with 
the patient first supine, then erect and ° 
finally supine showed a constantly altering 
T wave which was first inverted, then erect 
and finally inverted. 

During the period of hospitalization which 
lasted 15 days the temperature went to 
99.4 on several occasions and the WBC to 
14,200. Except for moderate precordial dis- 
comfort during the first few days noted 
only in the recumbent position the patient 
had no complaints. 

At the end of this time the mediastinal 
emphysema and pneumothorax had cleared 
entirely and the electrocardiogram became 
normal in all positions. The last curve still 
showed a rather small R wave in the CF 
leads but was within normal limits and 
essentially similar to those tracings made 
earlier in the erect or prone position. 

CasE 2. A 19 year old soldier first ex- 
perienced substernal pain and oppression 
approximately 2 weeks before coming into 
the hospital. This happened while he was 
working in a tank and was not associated 
with any severe physical effort. The pain 
increased in severity to the point where he 
had to stop his work. However, the pain 
receded gradually during the succeeding 3 
or 4 days and he did not seek medical care. 
On the afternoon of his entrance into the 
hospital he was again working on a tank, this 
time lying under it, when he was taken by 
a sharp pain under the sternum. The pain 
was rather more severe than during the 
first attack and radiated to the left shoulder. 
He was subsequently admitted to the hospi- 
tal. The temperature was 97.8°, the pulse 
100 and the WBC was 14,300. 

The diagnosis was not at once apparent 
and an electrocardiogram was ordered 
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together with other laboratory procedures. 
This demonstrated essentially normal limb 
leads. However, 4F showed a small initial 
deflection, elevated ST segment and invert- 
ed T wave. He was ordered back to the 
electrocardiograph laboratory for additional 
tracings and at this time the physical signs 
of left-sided pneumothorax with mediastinal 


emphysema were noted. Roentgen rays 
were made of the chest and these included 
PA and lateral films with the patient erect 
and in the supine position. Electrocardio- 
grams were made, including the customary 
limb leads and 4F with the patient supine, 
erect, prone and on his right side, 4R and 
a continuous 4F tracing with the patient 
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Fig. 4.—Case 2. A, A view of the chest made on admission. Pneumothorax clearly indicated. 


B, Left lateral erect view made at the same time. 
at the same time. 


C, Left lateral view made in the supine position 
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m a radiographic tilt table as described in 
Case 1. 

The Roentgen rays demonstrated a left- 
sided pneumothorax with approximately 
20% collapse of the lung. A large amount 
if air was seen in the retrosternal space 
vhen the patient was supine and a much 
smaller quantity when he was erect. 


The T wave in 4F was inverted when 
the patient was supine; it was erect though 
somewhat low when he was on his right side, 
prone or erect. The tilting tracing demon- 
strated continuous alteration of the T wave 
from inverted to erect to inverted. Tead 4R 
was entirely normal. 





Approximately 1 week after admission 
the pneumothorax had diminished to ap- 
proximately one-half of its original extent 
and the mediastinal emphysema had cleared. 
At this time the T wave in 4F was erect 
though low and did not differ materially 
with the position of the patient. Lead 4R 
was essentially unaltered. 


’, One week later. Al supine except 


Obtained on admission. All leads made in the supine position except where other- 
All supine except as noted. 


wise indicated. B, Same day. All leads made in the erect position. C 
as noted. D, Upon recovery 3 weeks later. 


A, 


kia. 5.—Case 2. 


Some 2 weeks later (3 weeks after admis- 
sion) there was complete clearing of the 
pneumothorax. An electrocardiogram made 
at that time was entirely within normal 
limits. The T wave in 4F was still higher 
when made in the erect position than in the 
supine. The tracing did not differ signifi- 
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Fic. 6.—Case 2. Lead 4F, obtained on the day of admission. Tracing begun with the patient supine on a radiographic tilt table. The table was then 





The first and last portions of the curve were made when the table was horizontal, the central "part 


rapidly erected and returned to the horizontal position. 


when it was vertical 


cantly from the one made 2 weeks earlier 
when some pneumothorax was still present 
but the mediastinal emphysema had cleared. 


Discussion. In this paper we are not 
concerned with the pathologie physiology 
of spontaneous mediastinal emphysema 
with pneumothorax, except where it may 
help explain the coincidental electrocardio- 
graphic phenomena. Macklin! has demon- 
strated that air dissection of the vascular 
sheaths of the pulmonary vessels may 
occur and serve to interfere with pulmon- 
ary circulation. In support of this con- 
clusion is the case reported by Fisher* of 
a newborn infant who died with medias- 
tinal and interstitial pulmonary emphy- 
sema. In this case the right auricle and 
ventricle were found to be dilated at 
autopsy. This interference with the pul- 
monary circulation is logical and under- 
standable. However, it is difficult to see 
how this phenomenon would serve to im- 
pede coronary flow. In mitral stenosis 
with failure of the left auricle, for ex- 
ample, considerable increase in pulmon- 
ary pressure occurs without any interfer- 
ence with coronary circulation. In a 
similar manner, it would require a tremen- 
dous increase in mediastinal pressure to 
cause significant alteration in the coronary 
flow. Long before this took place there 
would be collapse of the great veins and 
auricles. The pain is probably better ex- 
plained on the basis of dissection, tearing 
and splitting of pulmonary and vascular 
tissues than as a result of coronary inade- 
quacy. In support of this conclusion is 
the almost instantaneous alteration of 
the electrocardiogram noted with change 
of position. Electrocardiographic evidence 
of coronary inadequacy could hardly oc- 
cur so promptly or be corrected so rapidly. 

It is apparent from the cases reported 
by Miller and those noted above that ex- 
tensive electrocardiographic changes may 
be observed in the presence of mediastinal 
emphysema and left-sided pneumothorax. 
It is of further interest that the alterations 
were largely confined to the precordial 
lead and that the indifferent electrode 
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was placed on the left leg. The minor 
changes observed in the limb leads are not 
in themselves significant. 

From the electrocardiographic data at 
hand certain observations appear perti- 
nent and significant: 

1. Gross electrocardiographic changes 
in the presence of mediastinal emphysema 
and left-sided peumothorax are observed 
only in the CF leads. 

2. These changes can be obtained only 
when the electrocardiogram is made with 
the patient in the supine position. 

3. When the patient is in the prone, 
erect or right lateral position the tracings 
are essentially normal. 

4. The CR leads are normal in any 
position although the height of the T 
waves and size of the QRS excursions 
show variations. 

5. The presence of left-sided pneumo- 
thorax without mediastinal emphysema 
does not produce significant electrocardio- 
graphic deviations. (Case 2 at the end 
of 1 week with clearing of the mediastinal 
emphysema and persistence of the pneu- 
thorax.) 

6. Mediastinal emphysema without left- 
sided pneumothorax does not produce 
gross electrocardiographic changes. (Con- 
dition which obtains when the pneumo- 
thorax is out of the way at the apex of 
the chest, when patient is erect, or poste- 
riorly when he is prone.) 

7. The electrocardiographic changes 
found with left-sided pneumothorax and 
mediastinal emphysema in the CF leads 
when the patient is supine occur instanta- 
neously and can be corrected in a matter 
of seconds by change of position. 

From these observations certain con- 
clusions are probable. It is apparently 
necessary to have both mediastinal em- 
physema and left-sided pneumothorax to 
produce the electrocardiographic devia- 
tions described above. Additionally, the 
pneumothorax must be present in front 
of the heart. Finally the changes are ob- 
served to a significant degree only in the 
CF leads. It is likely, therefore, that 
the observed variations are not the result 


of diminution in the coronary flow but 
of interference with the normal distribu- 
tion of the electrical impulse on the sur- 
face of the chest. 

Katz and his associates®* have postu- 
lated that the configuration of the electro- 
cardiogram is dependent to a large extent 
on the character of the tissues interposed 
between the heart and the electrodes. In 
a series of experiments during which they 
inserted rubber dams between the heart 
and its contiguous structures they were 
able to demonstrate marked variations 
in electrical potential dependent upon the 
position of the insulator. Stated another 
way, if the currents generated in the 
living heart produce a given curve when 
obtained from 2 electrodes on the surface 
of the body, this curve will alter if these 
currents are forced to complete their cir- 
cuit by a different pathway. The elec- 
trodes will then be in either a more or less 
favorable position and the tracing will 
reflect this difference. In the cases under 
discussion this occurs when a non-conduc- 
tor, air, is interposed between the myo- 
cardium and the exploring electrode. A 
somewhat similar explanation” is offered 
for the difference observed in the pre- 
cordial electrocardiogram of young chil- 
dren as compared with adults. Since 
normally the largest portion of the electri- 
cal current of the heart is conducted away 
by the posterior muscle masses and the 
great vessels,® little change is expected 
or found in the limb leads in the presence 
of mediastinal emphysema with pneumo- 
thorax. On the other hand, that portion 
of the current conducted to the front of 
the chest is seriously interfered with by 
the presence of air and results in the gross 
changes described. One must postulate 
further that the potentials existing be- 
tween the right arm and the precordium 
are not interfered with to the same extent 
as those between the heart and the left 
leg. That some interference exists is indi- 
cated by the diminution in the height of 
the T wave in the CR leads when the 
patients were supine. 

It is possible that if the mediastinal 
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emphysema were of sufficient magnitude 
the extensive electrocardiographic changes 
would be found without the simultaneous 
presence of left-sided pneumothorax. In 
the cases described, however, it is appar- 
ent that the additional insulation afforded 
by the pneumothorax when the air is in 
front of the heart is necessary to produce 
the alterations described. On the other 
hand, the pneumothorax alone cannot 
obliterate the precordial conduction tissue 
sufficiently to cause significant changes. 
To reiterate, the cardiac action currents 
reach the chest wall largely via the con- 
nective tissue which lies between the 
heart and the sternum and by direct con- 
tact of the pericardium to the chest wall. 
When the connective tissue becomes infil- 
trated with air its conductivity becomes 
impaired and corresponds to that of lung 
tissue which normally is minimal. How- 
ever, conduction continues to take place 
where the heart is in contact with the 
chest wall to the left of the sternum. 
When this, too, is obliterated by the 
presence of a shifting pneumothorax in 
the supine position, the circuit is com- 
pleted by a totally different route and 


results in gross alterations of the electro- 
cardiogram. If the pneumothorax is 
sufficient in degree with extensive collapse 
of the lung the shifting phenomenon would 
probably not take place. 

In view of the fact that the only gross 
abnormalities were noted in the CF leads 
obtained in the supine position, it would 
appear logical to employ other leads and 
positions when electrocardiographic vari- 
ants are encountered. 

Summary. 1. Twocases of mediastinal 
emphysema with spontaneous left-sided 
pneumothorax are described, together 
with the electrocardiographic changes en- 
countered. 

2. Evidence is submitted in support of 
the hypothesis that the electrocardio- 
graphic alterations observed are the result 
of the presence of air between the heart 
and the exploring electrode, causing inter- 
ference with electrical conduction; and 
that the changes are not the result of 
impedence of the coronary circulation. 

3. It is recommended that CF leads be 
made in various positions and that CR 
leads be taken. 


One additional instance of left-sided spontaneous pneumothorax with mediastinal emphysema was 
observed since this paper was submitted. This occurred in a young man who was being studied for 
the late results of trench foot. The incident took place in the hospital and was not associated with 
physical effort. The same characteristic electrocardiographic changes-were noted in the CF leads 
made in the supine position. Nine days later, coincident with clearing of the physical and radiographic 
findings, the electrocardidgram became entirely normal. 


REFERENCES 


. BOURNE, me Brit. Med. J., 2, 313, 1940. 
BURTON, 


4, Hamman, L.: 
a Hosp., 64, 1, 1939. 


. D., and Meuuman, J.S.: J. Lab. and Clin. Med., 27, 465, 1942. 
3. FISHER, 7. H.: Canad. Med. J., 44, 27, 1941. 


Ann. Int. Med., 8, 417, 1934: Trans. Assn. Am. Phys., 52, 311, 1937; Bull. Johns 


. Katz, L. N., and Korey, H.: Am. J. Physiol., 111, 83, 1935. 
6. LINDNER, E., and Katz, L. N.: Am. J. Physiol., 125, 625, 1939. 
7. Macxkuin, C. C.: Canad. Med. Assn. J., 36, 414, 1937; Arch. Int. Med., 64, 913, 1939 


8. Master, A. M.: Am. Heart J., 3, 472, 1928. 


9. Master, A. M., Dack, S., Kauter, H. H., and Jarre, H. L.: Am. Heart J., 14, 297, 1937. 


10. Master, A. M., Katter, H. H., and Dack, 8.: 


J. Mt. Sinai Hosp., 8, 89, 1941. 


11. Mitzter, H.: Am. J. Men. Scr., 209, 211, 1945. 


12. Rosrnow, M., Katz, L. N., and Bounrna, A.: 


13. Scorr, A. M.: Lancet, 1, 1327, 1937. 
14. Weinstein. J.: Med. Rec., 153, 18, 1941 


m. Heart J., 12, 88, 1936. 





ve 
cil 


us 
ha 
be 
be 
all 
ha 
ad 
wo 
col 
tra 
pre 
wh 
Ch 
tia 
an 





BROH-KAHN, PEDRICK: ABSORPTION OF ORAL 


PENICILLIN 6Y1 


SOME FACTORS THAT MODIFY THE EFFECT OF TRISODIUM CITRATE 
ON THE ABSORPTION OF ORAL PENICILLIN 


By Lr. Cot. Ropert H. Bros—Kaunn, M.C., A.U.S. 


AND 


Ist. Lr. Ricuarp F. Pepricx, Sn.C., A.U.S.* 
RANDOLPH FIELD, TEXAS 


(From the AAF School of Aviation Medicine) 


SINCE the demonstration by Free, 
Leonards, McCullagh and Biro® that ap- 
preciable quantities of penicillin may be 
absorbed from the normal gastro-intestinal 
tract, numerous subsequent reports have 
confirmed the fact that the oral adminis- 
tration of penicillin may produce thera- 
peutically effective blood levels. All such 
reports have agreed to the extent that 
relatively large doses of oral penicillin are 
necessary for the establishment of such 
blood levels. From the viewpoint of the 
quantities required, the oral administra- 
tion of penicillin must therefore be con- 
sidered an inefficient method of therapy 
as compared to parenteral injection. How- 
ever, in view of the obvious advantages 
inherent to oral therapy, efforts have been 
devoted to devise means for increasing 
the absorption of oral penicillin. Accord- 
ingly, numerous studies have been made 
on the effect of various adjuvants and 
vehicles on the absorption of oral peni- 
cillin. 

Of the many adjuvants proposed for 
use with oral penicillin, gastric antacids 
have received much attention and a num- 
ber of investigators have recorded the 
beneficial effect of the addition of various 
alkalies to penicillin, whereas other reports 
have failed to demonstrate any marked 
advantage in their use. Gyérgy et al.,’ 
working largely with children and infants, 
concluded that the simultaneous adminis- 
tration of trisodium citrate led to more 
prolonged and higher blood levels than 
when penicillin was administered alone. 
Charney, Alburn and Bernhart* substan- 
tially confirmed the conclusions of Gyérgy 
and his collaborators, but noted a some- 


what lesser effect. Cutting, Halpern, 
Sultan, Armstrong and Collins‘ have also 
demonstrated the beneficial effect of alka- 
lies. Other reports have noted a similar 
effect of aluminum hydroxide.* On the 
other hand, such reports as those by 
McDermott et al.° and Finland, Meads 
and Ory® failed to demonstrate that the 
addition of alkalies markedly affected the 
extent of absorption. Numerous other 
uncited reports have confirmed one or the 
other of the two groups of investigators. 
Thus, although many reports have been 
published concerning the oral administra- 
tion of penicillin, various claims remain 
unconfirmed and there still exists a marked 
disagreement concerning the effect of 
antacids. 

Unfortunately, it has not been possible 
to establish a valid basis for the compari- 
son of such results as those cited above 
inasmuch as the administration of oral 
penicillin has not always been investigat- 
ed under comparable conditions. Thus, 
whereas Gydrgy ct al.’ determined absorp- 
tion in infants and children, others*®”° 
worked principally with adults. The size 
of the individual doses administered has 
also varied from 20,000*7 to 315,000"° 
units. Certain groups*’° have reported 
the extent of absorption primarily in fast- 
ing subjects, others** have investigated in 
detail absorption in both the fasting and 
the post-absorptive state. Finland, Meads 
and Ory® reported results obtained from 
the use of some proprietary preparations, 
the nature of which has been kept a secret. 

In a preliminary communication,” we 
investigated some of the factors that 
appeared to influence the absorption of 


* On leave of absence from the May Institute for Medical Research. Cincinnati, Ohio 
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oral penicillin by normal adults. Our 
results indicated that both the size of the 
dose and its relation to mealtime may 
have an important influence on the effect 
of trisodium citrate on the absorption of 
oral penicillin. These results are reported 
here in the hope that they may be useful in 
reconciling some of the inconsistencies 
noted in previous investigations. 


Methods. Young, healthy, adult, male 
volunteers were given different dosages of 
penicillin either before or after mealtime, 
usually breakfast, and blood levels and, in 
many instances, total urinary excretions 
were determined at intervals subsequent to 
its administration. Calcium penicillin plus 
trisodium citrate was given in the form of 
tablets, each tablet containing 1 gm. of 
citrate plus 25,000 units of calcium penicil- 
lin. Calcium penicillin “without buffer” 
was administered in ordinary gelatin cap- 
sules, each capsule containing 50,000 units 
intimately mixed with lactose as a filler. 

Penicillin was determined in both serum 
and urine by a slight modification of the 
serial-dilution method of Hobby, Meyer and 
Chaffee. All determinations were made in 
conjunction with duplicate standards of cal- 
cium penicillin with the C203MV strain of 
hemolytic streptococcus as the test organ- 
ism. In the conditions used, this organism 
was sensitive to approximately 0.01 units 
per ml. when the presence or absence of 
grossly visible growth after 24 hour incuba- 
tion was used as the sole indicator. 

Following ingestion of the penicillin, all 
subjects were permitted to perform their 
ordinary duties during the intervals between 
assays and were not cautioned in regard to 
restriction of fluids. 


Results. Since our original report, our 
experience has been increased to include 
the results of blood and urine assays per- 
formed on over 150 subjects. One subject 
who ingested 175,000 units of penicillin 
plus 7 gm. of trisodium citrate on a fasting 
stomach became temporarily nauseated. 
None of the other subjects complained of 
any ill-effects from any of the preparations 
used. 

For the sake of clarity the results are 
summarized under a number of different 
headings. In deference to brevity, repre- 


sentative results are presented rather than 
a detailed list of all assays performed. 

1. Cautctum PEnIcrLuin (“Without An- 
tacid’”’). (a) One Hour After Breakfast. 
The results in Table 1 demonstrate that 
the administration of 100,000 units 1 hour 
before breakfast generally resulted in ap- 
preciable blood levels for 2 hours and in 
the recovery of appreciable but variable 
amounts in the urine over a 12 hour period. 
The ingestion of 50,000 units resulted in 
appreciable but usually markedly decreas- 
ed urinary excretions. Less than 0.0125 
units per ml. were generally present in the 
serum. Our failure to produce satisfactory 
blood levels by administration of 50,000 
units was somewhat disappointing but not 
entirely unexpected since others‘ have also 
noted that “It is probable that there 
would be many failures with single doses 
of 50,000 units of penicillin.” 

(b) One Hour After Breakfast. 'The re- 
sults in Table 2 illustrate the fact that 
the administration of either 50,000 or 
100,000 units usually resulted in negative 
blood levels and relatively insignificant 
urinary excretions. 

2. Cauctum Penicituin Wit Trisop- 
1uM CitraTE. (a) One Hour Before Break- 
fast. The results in Table 3 illustrate the 
satisfactory blood levels that were found 
for 2 to 3 hours after the administration 
of either 50,000 or 100,000 units. The 
same results indicate high percentages of 
urinary recovery but subjects with similar 
blood levels frequently were found to ex- 
crete markedly divergent amounts of 
penicillin. 

(b) One Hour After Breakfast. The re- 
sults of Table 4 indicate that, in general, 
both the blood levels and the urinary 
excretions were similar to those obtained 
when penicillin was administered to the 
fasting subject. 

Discussion. The importance of the size 
of the individual dose as a determinant of 
the effect of trisodium citrate on the ab- 
sorption of oral penicillin does not appear 
to have received adequate emphasis. In 
general, the blood concentrations obtained 
after administrations of various quantities 
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of penicillin increase with the size of the 
dose. However, this increase is not 
directly proportional to the dose, succes- 
sive increases of the latter producing de- 
creasing increments in the height of the 
blood level.‘ 





If trisodium citrate protects penicillin 
against destruction by the gastric acid, 
the administration of a given dose of pen- 
icillin with trisodium citrate would, in 
effect, be equivalent to administration of 
a somewhat larger dose of penicillin alone. 











TABLE 1.—ORAL ADMINISTRATION OF CALCIUM PENICILLIN, 1 Hour Brerore BREAKFAST 
Serum levels in units penicillin per ml. 

Hours after administration Total units penicillin 
Dosage a —~ recovered in urine over 
(units) 1 2 3 4 12 hours 
100,000 0.2 0.025 0 0 26,524 
100,000 0.2 0.025 0 0 23,494 
100,000 0.2 0.05 0 0 42,953 
100,000 0.1 0.025 0 0 6,984 
100,000 0.2 0.0125 0 0 5,881 
100,000 0.1 0.05 0.025 0 * 
50,000 0.025 0 0 0 6,573 
50,000 0 0 0 0 1,290 
50,000 0.025 0 0 0 13,832 
50,000 0.025 0.025 0 0 14,772 
50,000 0 G 0 0 2,088 
50,000 0 0 0 0 * 


* Not estimated. 


TABLE 2.—ORAL ADMINISTRATION OF CALCIUM PENICILLIN 1 Hour ArrerR BREAKFAST 


Serum levels in units penicillin per ml. 


YS 


Hours after administration 


a 


Total units penicillin 





Dosage i — recovered in urine 
(units) 1 2 3 4 over 12 hours 
ee Gos. me ws 0 0 0 0 2753 
eee «+ eS es 0 0 0 0 1597 
ee. 6. ge ES 0 0 0 0 1983 
ao se eo ee 0 0.0125 0 0 1134 
100,000. ‘ oie 0 0 0 0 * 
100,000 . r . : 6 0 0 0 0 * 
| 0 0 Q 0 865 
50,000. ‘ ° ae 0 0 0 0 1019 
50,000. ‘ ‘ . 0 0 0 0 * 
50,000 0.0125 0 0 0 * 
50,000 0.0125 0.0125 0 0 * 


* Not estimated. 


TaBLeE 3.—ORaAL ADMINISTRATION OF CALCIUM PENICILLIN WITH TRISODIUM CITRATE 
1 Hour Berore BREAKFAST 


Serum levels in units penicillin per ml. 








“~; : 
Hours after administration 


EE 7 


Total units penicillin 





Dosage —. recovered in urine 
(units) 1 2 3 4 over 12 hours 
100,000 0.4 0.05 0.025 0.0125 23,680 
100,000 0.2 0.1 0.05 0.0125 42,748 
100,000 0.2 0.025 0 ,0 5,309 
ae eee 0.1 0 {0 30,076 
Mee cs. & Via» Be 0.05 0.025 0 41,502 
50,000 0.05 0.05 0 {0 16,949 
50,000 0.2 0.1 0.0125 0 13,628 
50,000 0.1 0.025 0 0 8,797 
50,000 0.2 0.025 0 0 * 
50,000 0.1 0.05 0 0 * 


* Not estimated. 








694 BROH-KAHN, PEDKICK: ABSOKPTION OF ORAL PENICILLIN 


It would follow that the effect of trisodium 
citrate should be most marked when given 
with smaller doses of penicillin. Actu- 
ally, such seems to be the case. A marked 
effect of trisodium citrate on the absorp- 
tion of 20,000 to 40,000 units has been 
described.*7 Our results and those of 
others* demonstrate a similar action with 
50,000 units. The results in Tables 1 
and 3 and those of Finland, Meads and 
Ory’ show little, if any, effect after 90,000 
to 100,000 units and no effect has been 
found with still larger doses.'° It is there- 
fore attractive to postulate that many of 
the apparent inconsistencies cited above 
in regard to the effect of the simultaneous 
administration of penicillin with trisodium 
citrate disappear when due consideration 
is given to the size of the dose. 








strated that such was the case aud their 
observations have been confirmed by 
others** and by the results in Tables 1] 
and 2. Furthermore, the charts of Fin- 
land, Meads and Ory® demonstrate that 
in patients with pernicious anemia, in 
whom the ingestion of food fails to stimu- 
late acid production, there is less inter- 
ference in the absorption of penicillin 
after mealtime than in normal subjects. 

We believe that this effect of the previ- 
ous ingestion of food is, in fact, in part 
due to the destruction of a large propor- 
tion of the penicillin so that, in reality, 
the quantity of effective penicillin avail- 
able for absorption represents but a small 
fraction of the quantity actually given. 
In other words, the administration of 
100,000 units after mealtime is presumed 





TABLE 4.—OraL ADMINISTRATION OF CALCIUM PENICILLIN WiTH TRISODIUM CITRATE 
1 Hour Arrer BREAKFAST 
Serum levels in units penicillin per ml. 
Hours after administration Total units penicillin 
Dosage —_—-— - A recovered in urine 
(units) 1 2 3 4 over 12 hours 
8 | Se . 0.4 0.1 0.025 0.025 37,000 
Gg ky a ae 0.1 0 0 36,000 
ere | 0.1 0.0125 0 29,400 
Meee wlll elCw BS 0.025 0 0 14,514 
50,000 . .:. 0.1 0.1 0.05 0 15,592 
GOOD... ie 01 0.1 0 0 17,800 
50,000 . aL 04 0 05 0 0 26,000 
| | i aa 0 025 0 0 0 3,226 


The original demonstration by Rammel- 
kamp and Helm” that penicillin was read- 
ily absorbed from the gastro-intestinal 
tract of achlorhydric patients has been re- 
peatedly confirmed.*® Accordingly, there 
is a theoretical justification for the inclu- 
sion of an antacid in preparations of oral 
penicillin. However, if trisodium citrate 
is effective by virtue of its tendency to 
protect penicillin from destruction by the 
gastric juice, it should be most effective 
under conditions in which there is a 
maximum interference with the absorp- 
tion of penicillin as a result of the increased 
production of acid. Inasmuch as gastric 
secretion is stimulated by the ingestion of 
food, minimal absorption of penicillin 
might be anticipated to occur in the post- 
prandial state. Gyérgy et al.? demon- 


equivalent to the administration of, say. 
30,000 units to a fasting subject. If. 
however, the addition of trisodium citrate 
could prevent the destruction of such a 
large proportion of the penicillin, the post- 
prandial administration of 100,000 units 
with trisodium citrate might be expected 
to give results similar to those obtained 
after ingestion of approximately the same 
quantity by a fasting subject. Charney, 
Alburn and Bernhart* first demonstrated 
this decidedly beneficial effect of trisodium 
citrate after meal time. Our results in 
Tables 1, 2, 3 and 4 are in complete 
agreement and indicate that the theoretical 
deductions concerning the effect of tri- 
sodium citrate on the postprandial absorp- 
tion of penicillin conform to the experi- 
mental observations. We are at a loss to 
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explain the findings of Finland, Meads and 
Ory® who concluded that no beneficial 
effect was obtained by the use of “ buffers.”’ 
However, even in their experience, alumi- 
num hydroxide gel gave somewhat better 
results after mealtime. 

Just as is the case in the administration 
of penicillin to the fasting subject, we 
anticipate that the effect of trisodium 
citrate will become decreasingly evident 
as the size of the postprandial dose is pro- 
gressively increased. Indeed, a few trials 
with 500,000 units have given evidence of 
such a decreasing effect but such experi- 
ments have been too few to warrant 
definite conclusions. 


However, we have been unable to 
demonstrate that the oral administration 
of penicillin markedly prolongs the main- 
tenance of effective blood levels. Indeed, 
analysis of the rates of excretion in 
Table 5 indicates that although the anta- 
cid may influence the total quantity of 
penicillin absorbed, such a quantity is 
rapidly excreted from the body. These 
conclusions are supported by the figures 
for the blood assays, since, in general, 
blood levels tended to fall below thera- 
peutically effective values in 3 hours or less. 

These results indicate the necessity for 
the frequent repetition of oral doses for 
the maintenance of effective blood levels 


faBLe 5.—Rates or Excretion oF PENICILLIN ADMINISTERED BY MovutTs 


% penicillin (cumulative) of total excreted in urine over 


fotal units penicillin 


Dosage excreted in urine 


(units) over 12 hours 2 
With citrate 
1 hour before meal 
100,000 9,005 42.6 
100,000 43,198 59.0 
50,000 8,797 51.7 
50,000 16,949 93.6 
) hour after meal 
100,000 14,514 57.3 
100,000 29,400 65.3 
50,000 3,226 71.4 
50,000 27,930 50.0 
Without citrate 
| hour before mea! 
100,000 6,984 69.6 
100,000 42,953 85.8 
50,000 1,290 90.5 
50,000 6,573 82.8 
| hour after meal 
100,000 1,134 70.5 
100,000 2,753 87 .2 
50,000 486 62.2 
50,000 1,019 68.7 


The arguments and facts presented 
above should not be interpreted as a proof 
of any decided advantage of trisodium 
citrate over other antacids for we believe 
that any effective non-toxic antacid w'll 
produce similar effects. Cutting et al.‘ 
noted no marked differences between the 
activities of 3 such alkalies and other 
reports have established the advantages of 
various other antacids.?-¥ 


12 hours 





Hours after administration 
ran : 





4 6 8 10 
93 .8 98 .0 99.3 99.9 
94.6 98 .7 99.8 100.0 
94 .6 99 .6 99.8 100.0 
97.0 99 1 99 .6 100.0 
94.8 97.9 99.5 100.0 
95.8 98 .8 99.7 100.0 
87.8 97 .6 99.5 100.0 
81.2 97.0 99.7 100.0 
93 .0 98.7 99.7 100.0 
94.7 99.5 99.9 100.0 
99.9 100 .0 100.0 100.0 
99.8 100.0 100.0 100.0 
85 .3 96.9 100.0 100.0 
98 .0 99.8 100.0 100.0 
96.9 99.9 100.0 100.0 
88 7 98 .3 99.9 100.0 


just us in the cuse of parenteral therapy. 
Such a consideration emphasizes anew the 
advantage of the use of an antacid since 
oral penicillin therapy should conceivably 
be continued throughout the day without 
interference by meals. The principal 
present objection to the widespread use 
of oral penicillin therapy resides in the 
greater quantities required for successful 
treatment. The results of Gyérgy et al.” 
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and Charney, Alburn and Bernhart,* as 
well as those in this report, indicate that 
smaller quantities of penicillin may be 
required to overcome the interference of 
eating if used in conjunction with an anta- 
cid. Thus, frequent repeated doses may 
be given safely without regard to meal- 
time. There is little doubt that larger 
doses may be effective without an alkali 
and, Bunn, McDermott, Hadley and Car- 
ter? have reported on the successful treat- 
ment of pneumonia by the oral adminis- 
tration of penicillin without an added 
antacid. However, they felt constrained 
to employ 5 times as large a dosage as 
that required for intramuscular therapy. 
In contrast, we have reported! the suc- 
cessful treatment of gonorrhea by oral 
penicillin plus trisodium citrate and have 
used only 2} times the total dosage re- 
quired by the Army for treatment by intra- 
muscular therapy. Obviously, any factors 
which tend to decrease the differential 
between the total dosages of penicillin 
required for intramuscular and oral ther- 
apy would tend to operate in favor of 
adoption of the latter as the method of 
choice. 

Summary and Conclusions. 1. The 
influence of the size of the dose, its rela- 
tion to meal time and the effect of trisod- 
ium citrate on the absorption of oral 


penicillin were investigated in a series of 
normal adult subjects. 

2. Appreciable absorption of calcium 
penicillin occurred in fasting subjects given 
a dose of 100,000 units but not with a 
dose of 50,000 units. Neither dose resulted 
in appreciable absorption when given 
1 hour after breakfast. 

3. In fasting subjects, the addition of 
trisodium citrate to calcium penicillin 
markedly increased the absorption of 
50,000 units but the effect on the absorp- 
tion of 100,000 units was less pronounced. 
In subjects given calcium penicillin 1 hour 
after breakfast, the addition of trisodium 
citrate markedly increased the absorption 
of both 50,000 and 100,000 units. 

4. Although the various factors influ- 
enced the total quantity of penicillin 
absorbed, they did not appear to affect 
the rate of its excretion from the body. 

5. Statements concerning the effect of 
antacids on the absorption of oral penic- 
illin should be qualified by consideration 
of the dose and its relation to eating. It 
is concluded that the effect of trisodium 
citrate and of eating becomes less pro- 
nounced with progressive increase in the 
size of the dose and that the maximum 
advantage of the inclusion of trisodium 
citrate in a dose of oral penicillin is ob- 
served after administration of smaller 
doses. 
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EFFECT OF ANTIMONY ON THE ELECTROCARDIOGRAM 
Capt. Epmunp F. Scuroreprr, M.C., A.U.S. 
Capt. Freperick A. Rosr, M.C., A.U.S. 


AND 


Mas. Harry Most, M.C., A.U.S. 


SWANNANOA, NORTH CAROLINA 


(From the Tropical Disease Section, Moore General Hospital) 


TRIVALENT and pentavalent antimony 
compounds have been used extensively in 
the treatment of human schistosomiasis 
and leishmaniasis and more recently to a 
limited degree in human filariasis. The 
major application of antimony as a thera- 
peutic agent in the recent war has been 
its use in the treatment of schistosomiasis 
japonica. Fuadin and tartar emetic, both 
trivalent antimonials, are the drugs prin- 
cipally used in the treatment of this 
infection. Pentavalent antimony com- 
pounds (neostam, neostibosan and stiban- 
ose) have had only limited application 
during the war to a relatively small num- 
ber of cases of leishmaniasis and to a 
less degree in the experimental treatment 
of filariasis. It is anticipated that a 
number of individuals with schistosomiasis 
will require retreatment subsequent to 
their release from military service and 
such treatment will be given in private 
practice or at veteran facilities. It is 
therefore our purpose in this paper to 
report certain changes in the electrocardio- 
gram which have been observed during 
treatment of schistosomiasis patients at 
this hospital with tartar emetic and fuadin. 

In 1939 Mainzer and Krause,® in at- 
tempting to explain sudden deaths which 
occur during antimony therapy, made a 
study of electrocardiographic changes in 
12 schistosomiasis patients during treat- 
ment with tartar emetic. They found 
ST-interval and T-wave changes which 
were “definitely pathological” in 3 cases, 
suspicious in 4 cases, and insignificant 
in 2 cases. They believed these changes 
to be due to the direct effect of antimony 
on the myocardium, and explained cases 
of sudden death on the bases of an exag- 


geration of this same toxic action result- 
ing ultimately in auricular (?) fibrillation 
and death. Tarr’ recently reported T- 
wave changes in approximately 80% of 
66 patients during treatment with anti- 
mony for infections with Schistosoma 
japonicum. These changes, consisting in 
lowering or inversion of T waves in all 
leads, occurred in 100% of the patients 
receiving tartar emetic and in 53% of 
those receiving fuadin. 

This paper concerns itself with an 
analysis of electrocardiograms taken on 
100 patients during treatment with tartar 
emetic and fuadin. These patients were 
all observed and treated at Moore General 
Hospital, between April and December 
1945 for infections with S. japonicum and 
S. mansoni. In none of these cases was 
there any clinical evidence of cardiovascu- 
lar disease either before, during or after 
therapy, nor did any fatality occur. 


Methods. Patients in this study were 
treated with either fuadin (a trivalent anti- 
mony compound given intramuscularly in 
6.4% solution) or tartar emetic (also a tri- 
valent antimony compound given intra- 
venously in freshly prepared 0.5% solution 
in 10% glucose). The following treatment 
schedules were used: 

1. Fuadin 70 cc. The entire course of 
treatment lasted 27 days. Patients received 
1.5, 3.5 and 5 ec. on Days 1, 2 and 3, respec- 
tively. Then 5 cc. were given intramuscu- 
larly every other day for 12 injections until 
a total of 70 cc. had been given. Total 
amount of fuadin was 4.48 gm., representing 
0.599 gm. of antimony. 

2. Fuadin 100 cc. The entire course of 
treatment lasted 14 days, 2, 4 and 6 ce. 
being given on Days 1, 2 and 3, respectively, 
and then 8 cc. intramuscularly every day 
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for 11 injections until a total of 100 cc. had 
been given. Total amount of fuadin was 
6.4 gm., representing 0.870 gm. of antimony. 

3. Tar Emetic 1.45 gm. The entire course 
of treatment lasted 31 days, 5, 10 and 15 ce. 
of 0.5 solution being given on Days 1, 3 
and 5, and then 20 cc. intravenously every 
other day for 13 injections, until a total of 
290 cc. had been given. Total amount of 
tartar emetic was 1.45 gm., representing 
0.522 gm. of antimony. 

4. Tartar Emetic 1.8 gm. The entire course 
of treatment lasted 29 days, with 8, 12, 16, 
20 and 24 ec. of 0.5% solution given on 
Days 1, 3, 5, 7 and 9, respectively, and then 
28 cc. intravenously every other day for 
LO injections, until a total of 360 cc. had 
been given. Total amount of tartar emetic 
was 1.8 gm., representing 0.648 gm. of anti- 
mony. 

Electrocardiograms were taken before and 
at various times during and after treatment. 
This study is based on a total of 315 such 
records taken on 100 patients who had re- 
ceived one of the above courses of antimony 
therapy as treatment for schistosomiasis. 
Some of the patients had only 2 cardiograms 
taken, 7.e., a control and a record taken 
during or immediately after antimony ther- 
apy while others had more frequent observa- 
tions. Unfortunately, in many cases the 
maximum effect of therapy was not recorded 
because electrocardiograms either were taken 
too early in the course of treatment or, in 
some cases, were taken several days after 
the completion of antimony. 

All records were taken with the patient 
in the supine position. The standard limb 
leads and CF, were used. Records were 
carefully standardized so that 1 mv. caused 
a deflection of 10 mm. When actual meas- 
urement revealed this distance to be less than 
9 or more than 11 mm. the record was 
excluded from this study. In this paper 
electrocardiographic changes will be de- 
scribed in the accepted terms for various 
electrical components and time intervals as 
advocated in ‘Nomenclature and Criteria 
for Diagnosis of Diseases of the Heart.’’® 


Results. The Heart Rate. No changes 
were observed in the heart rates of pa- 
tients during antimony therapy. The 
mean heart rate in the 100 control records 
was 78.2 per minute as compared to 78.7 
per minute during treatment. 


ANTIMONY ON THE BLECTRUCAKDIOGKAM 


P Waves. Many of our patients showed 
the commonly seen variations in ampli- 
tude and contour of P3, usually with the 
respiratory cycle. These changes, being 
within normal limits, were disregarded. 
However, in 11 % of the patients a definite 
increase in the amplitude of P waves in 
Leads 2 and 3 occurred during antimony 
therapy. In addition, the contour of P, 
and P; was altered from smooth rounded 
curves to tall, sharp, peaked waves. In 
some cases the increase in amplitude in 
Lead 3 resulted in an inverted or diphasic 
P wave becoming tall, upright and peaked. 
No change was noted in the actual dura- 
tion in time of the P deflection. Records 
illustrating these changes are shown in 
Figures 1, 2 and 3. 

Of the 11 cases showing these P-wave 
changes, 9 showed alteration of both P, 
and P;, while in the remaining patients 
Lead 2 alone was involved. No signifi- 
cant changes were noted in P waves in 
Leads 1 and 4. Generally speaking. 
records showing the most marked altera- 
tions in P waves also showed considerable 
change in T waves which will be described 
later. However, numerous records show- 
ing pronounced effect of antimony on 
T waves showed no change in P waves 
from control levels. 

The duration of this abnormality is 
difficult to determine in this study because 
of an insufficient number of records taken 
after completion of therapy. However, 
records on 1 patient show the P waves 
to be still altered 15 days after therapy 
and to have returned to control levels 
40 days after treatment. In other cases 
showing P-wave changes during antimony 
treatment, records taken 40, 50 and 60 
days after therapy revealed P waves 
identical with those in control records. 
In still another patient P. and P; had 
shown little tendency to return to control 
levels 56 days after the last injection. 
From these rather spotty observations no 
definite conclusions as to duration of P- 
wave changes after cessation of therapy 
can be drawn. However, it is apparent 
that in some patients these changes may 
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persist for as long as 2 months after 
completion of therapy with antimony. 

PR Interval. No change in PR interval 
was found during antimony therapy. The 
mean PR interval before therapy was 
0.148 second as compared to 0.1492 second 
during treatment. 

QRS Complex. The antimony therapy 
caused no change in contour or amplitude 
of QRS complexes. In all cases the dura- 
tion of QRS was within normal limits 


CONTROL 








both before and during antimony therapy. 
No changes in electrical axis were noted. 

ST Segment. In 7% of our patients it 
was noted that slight elevation or depres- 
sion of the ST segments, not previously 
observed in the control records, occurred 
during antimony therapy. In all cases 
these changes were very slight in degree, 
approximating | mm., and followed no 
specific pattern as to which leads were 
involved. ST; and ST) were elevated on 


DURING TREATMENT 








Fie. 1.—Electrocardiographic changes during administration of tartar emetic. ‘‘Control’’ record 
before treatment. ‘‘During Treatment’’ record taken on the 32nd day of therapy 24 hours after 
injection of 20 ec. of 0.56% solution. Total dose prior to this record was 290 cc. of 0.5% solution tartar 
emetic = 1.45 gm. = 0.522 gm. antimony. Note increase in height in Ps and Ps and inversion of all 
[. waves. QT interval prolonged. Record taken 50 days after completion of treatment showed dis- 


1ppearance of abnormalities noted during treatment. 





CONTROL 





OURING TREATMENT 








Fie. 2.—Electrocardiographic changes during administration of tartar emetic. 


““Control”’ record 


prior to treatment. ‘‘During Treatment” record taken 48 hours after last dose of 20 cc. of 0.5% 


solution tartar emetic. 


Total course of treatment consisted of 1.45 gm. (see text for schedule of admin- 


istration). Note increase in Pz and Ps and decreased amplitude of T wave in Lead 1 and inversion 


of Leads 2 and 3 
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2 records, depressed in none; ST; was 
never elevated but was depressed in 
2 records; and ST, was elevated on 5 oc- 
casions and never depressed. 

A more common change involving the 
ST segment and occurring in 45% of the 
patients during antimony therapy consis- 
ted of fusion of the ST segment with the T 
wave so that the 2 were very difficult to 
separate. In many normal electrocardio- 
grams it is impossible to find a definite 
point where the ST segment ends and the 
T wave begins, so that the determination 
of which records in this study showed ST- 








DURING TREATMENT 


T wave but in many records there appears 
to be an actual change in the ST segment, 
as well, producing a single smooth curve. 

In some cases this abnormality . was 
transient in nature, occurring fairly early 
in treatment and disappearing later in 
the course of antimony therapy when 
T-wave changes became more marked. 
The relative frequency of occurrence of 
ST-T fusion in different leads was as 
follows: Lead 1, 55.6%; Leads 2 and 4, 
53.4%; Lead 3, 37.8%. (These figures 
indicate percentage of the entire number 
of cases showing this abnormality.) In 











CONTROL 
Fig. 3.—Electrocardiographic changes during administration of tartar emetic. ‘‘Control’’ record 
taken prior to treatment. ‘‘ During Treatment’’ record taken 48 hours after last injection of 28 cc. 
0.5% solution tartar emetic. Total dose 1.8 gm. (see text for schedule of administration). Note 


increase in height of P2 and T wave inversion in all leads. Marked prolongation of QT interval (0.523; 


control 0.408). 


T fusion was by necessity on an arbitrary 
basis. In normal records the most fre- 
quently occurring contour of the ST seg- 
ment is a concavity upwards so that, as ST 
merges into an upright T wave, a change 
in direction of the curve to an upward 
convexity takes place.‘ In many of our 
records the ST segment was convex at 
its origin and merged into a somewhat 
lowered T wave to form a single convex 
curve which could not be separated into 
ST segment and T wave components. 
To some extent this change is the natural 
result of decreasing the amplitude of the 


some patients all leads were involved 
while in others, various combinations of 
the 4 leads showed involvement. 

T Waves. It was in this component 
of the electrocardiogram that the most 
striking changes during antimony therapy 
occurred. These consisted of a decrease 
in amplitude of T waves in all leads, 
producing in a considerable number of 
patients diphasic or inverted T waves. 
Such changes were found to occur in 99 % 
of the patients in this study. In order 
to classify the records as to degree of 
change caused by antimony, the actual 
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millimeter change in T-wave amplitude 
from the control records was measured 
to the nearest 0.5 mm. in Leads 1, 2, 3 
and 4, and these were totalled for each 
patient. The range of this total change 
was from 0 to —21 mm.; 31 % of patients 
showed a total change from —0.5 to 
—5 mm., 41% from —5.5 to —10 mm., 
23% from —10.5 to —15 mm., and 4% 
from —15.5 to —21 mm. Typical T- 
wave changes are shown in Figures 1, 2 
and 3. 

Graybiel et al. in their excellent article‘ 
have published percentage distribution 
curves on the amplitude of T waves in 
their 1000 young healthy aviators. Com- 
parison of these with similar percentage 
distribution curves made on 100 control 
records taken on our patients before ther- 
apy reveal good correlation. The mean 
T-wave amplitudes of their 1000 cases were 


study in Column 2. In Column 3 are the 
mean T-wave amplitudes of the records 
of our patients showing the maximum ob- 
served effect of antimony therapy, and in 
Column 4 the percentage change. 

Figure 4 shows the frequency distribu- 
tion curves in each lead before and during 
therapy. Solid lines represent control 
records and broken lines records taken 
during therapy. In each case the records 
chosen during therapy were those showing 
the maximum observed change but do 
not necessarily indicate the maximum 
change which occurred, since, as stated 
previously, the greatest antimony effect 
was frequently missed because of improper 
timing of the electrocardiogram during 
the course of treatment. Decreases in 
amplitude of the T waves are shown by 
a shift of the broken line curve to the 
left, 7. e., to the lower position on the 


TABLE 1.—CoMPARISON OF MEAN T-wavE AMPLITUDE IN 1000 Norma. SuBJECTS AND 
100 Patients BEFoRE AND DurinGc ANTIMONY THERAPY 





100 patients 
1000 normal Before Decrease 
subjects (4) antimony During (%) 
Lead 1 +2.55 mm. +2.26 mm. +0.88 mm. 59.4 
Lead 2 +3.32 mm. +3.17 mm. +0.80 mm. 74.8 
Lead 3 +1.33 mm. +1.03 mm. +0.04 mm. 103.9 
Lead 4 +1.33 mm, +4.93 mm. +2.36 mm. 52.2 





Lead 1 +2.55 mm., Lead 2 +3.32 mm. 
and Lead 3 +1.33 mm., as compared 
with our mean amplitudes of +2.26 mm. 
in Lead 1, +3.17 mm. in Lead 2 and 
+1.03 mm. in Lead 3. This favorable 
comparison indicates that the patients in 
this study comprise a fairly representative 
group of normals and establishes the fact 
that infection of ‘these patients with 
schistosomiasis has, in itself, no effect on 
their electrocardiograms. Further, the 
fact that the mean amplitude of the 
T waves in our control records is within 
the range of normal indicates that anti- 
mony treatment which all patients had 
received from 1 to 3 months previously 
had no lasting effect on the T wave. 
Table 1 shows a comparison of the mean 
amplitude of T waves of the 1000 cases 
analyzed by Graybiel et al. in Column 1 
and of the 100 control records in this 


scale, thus forming a definitely abnormal 
frequency distribution curve for records 
during therapy. 

Changes in T-wave contour other than 
flattening of the peaks occurred in 24% 
of the cases in this study. These changes 
consisted of notching of the T waves and 
occurred most frequently in Lead 4, oc- 
casionally in Leads 1 and 2 and rarely in 
Lead 3. Observation of the development 
and progression of this abnormality in 
serial records taken on the same patient 
during treatment affords an interesting 
clue as to the method of T-wave inversion 
in Lead 4 due to antimony. It was fre- 
quently observed in this lead that initially 
a notch appeared late in the T deflection, 
which in subsequent records became 
deeper, eventually descending below the 
iso-electric line to produce a + diphasic 
T,, and finally with the complete disap- 
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pearance of positive deflection to form a 
deeply inverted T,;. This apparent se- 
quence of changes was never observed in 
the limb leads, even though some records 
showed deeply inverted T waves in all 
leads. 


FREQUENCY DISTRIBUT 


electrocardiographe changes persisted, a 
total of 109 records taken from 1 to 
86 days after treatment were analyzed. 
From this analysis it was found that there 
existed such a wide variation in the per- 
sistence of changes that no definite con- 
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MILLIMETERS HEIGHTH OF T WAVES 

Fic. 4.—Frequency distribution in height of T waves in electrocardiograms taken before and during 
treatment with antimony in 100 patients. Note shift of treatment curve to left indicating frequency 
of decrease in amplitude or inversion of T waves in all leads during the administration of antimony 


(For discussion see text.) 


Notre.—One patient had a control record with an inverted T,. He had completed 40 cc. of fuadin 
40 days prior to the taking of this record. His electrocardiogram was otherwise within normal limits 


On a few patients, frequent electrocar- 
diograms were taken before, during and 
after injections in various periods during 
therapy. From these studies it was ap- 
parent that T-wave changes occurred grad- 
ually and progressively throughout the 
course of therapy. The earliest changes 
appeared after the first, second or third 
injection, and reached the maximum at 
or near the end of treatment. There was 
no tendency towards fluctuation from day 
to day nor was any regression towards 
normal observed during the 48 hour period 
between injections. 

In attempting to determine how long 
after cessation of antimony therapy the 


clusions could be drawn. Thirteen records 
were taken on different patients from 37 
to 49 days after therapy and of these 6 
had T waves equal in height to control 
levels, an additional 4 showed less than 
30 % of the original maximum change still 
remaining, while in 3 records 50 to 75% 
of the total observed change still per- 
sisted. Between 52 and 67 days after 
therapy complete return to normal was 
observed in 9 out of 15 records. Less than 
25 % of the total change still persisted in 
4 records, and in the remaining 2 records 
50 and 56% of the original total T-wave 
change was still present. In approxi- 
mately 10% of these post-treatment 
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records the T waves returned to levels 
exceeding those of the control record. 
This curious change was noted in electro- 
cardiograms taken on different patients 
from 18 to 78 days after cessation of treat- 
ment. No correlation was found between 
persistence of T-wave changes and the 
type or dosage of antimony treatment 
given. No attempt will be made to ex- 
plain these results, other than to say that 
the major factor is apparently an indi- 
vidual variation about which we know 
little. 


devised to correct for this variation. In 
this study “ corrected Q-T”’ was calculated 
by the formula Q-T = KV RR as advo- 
cated by Cheer and Dieuaide? in 1931. 
The mean “corrected Q-T”’ of all control 
records was 0.396 as compared with a 
mean of 0.422 for those records showing 
maximum antimony effect. 

In addition, Q-T was plotted graphi- 
cally against the cycle length, RR, as 
shown in Figure 5. In this graph the 
parallel lines representing the range of 
normal are those used by Feil® in his 


TaBLe 2.—COMPARISON OF CHANGES IN AMPLITUDE OF T Waves DurRING TREATMENT WITH 
Various AMOUNTS OF FUADIN AND TARTAR EMETIC 


Total change T.E. 1.45 gm. 
(mm.) (41 patients) 
Oto — 5 24 .4%* 

- §.5to-—-10. . . 61.2% 

-10 5to —15 . 17.0% 

~15.5 to —21 7.4% 
Mean total change . —8.4 mm. 


T.E. 1.8 gm. Fuadin 70 ec Fuadin 100 ce 
(21 patients) (31 patients) (7 patients) 
19.0% 42.0% 71.4% 
38.1% 35.5% 14.3% 
38.1% 22.5% 14. 3% 
4.8% 0 0 
—8.8 mm. —6 9mm -4 6mm 


* % in all instances represents % of total patients treated in each schedule. 


Early in the course of this study, certain 
impressions were reached concerning the 
comparative effects of tartar emetic and 
fuadin on the electrocardiogram. Table 2 
shows a classification of patients on differ- 
ent treatment schedules with regard to 
degree of total change produced by this 
treatment on the T waves in all leads. 
[t must be remembered that these data 
are limited by the fact that the maximum 
change was not recorded in every case. 
In spite of this limitation it is obvious 
that tartar emetic has a greater effect 
on the electrocardiogram than does fuadin 
and that in the case of the former the 
larger the total as well as the daily dosage 
the greater the T-wave change. The dis- 
proportion between electrocardiographic 
effect and dosage of fuadin is due to (a) 
the limitation mentioned above and (b) to 
the fact that in this study adequate 
records were available in only 7 patients 
treated with 100 cc. of fuadin. 

ELECTRICAL SysToLe. Variation of the 
Q-T interval with changes in heart rate 
has long been recognized by many investi- 
gators, and several formule have been 


paper on electrocardiograms and cardiac 
systole in pellagra. Control values are 
represented by solid circles and values 
during antimony therapy by open circles. 
Abnormally prolonged Q-T intervals oc- 
curred in 7% of the control records as 
compared with 27% of the records taken 
during treatment. Further analysis of the 
records showing prolongation of the Q-T 
interval reveals them to be proportion- 
ately distributed in relation to the treat- 
ment schedule used. This change is ap- 
parently caused with equal frequency by 
either fuadin or tartar emetic, and no sig- 
nificant difference was found between the 
different dosage schedules used in this 
study. In most cases, records with pro- 
longed Q-T intervals also showed pro- 
nounced T-wave changes, although many 
patients with markedly lowered T waves 
had normal Q-T intervals. The mechan- 
ism of this increase in the duration of 
electrical systole is unknown. 
PENTAVALENT ANTIMONY. On a few 
patients with leishmaniasis and filariasis, 
complete electrocardiographic studies were 
made during treatment with pentavalent 
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antimony compounds. Drugs used were 
neostibosan and stibanose. Patients on 
this class of antimony compounds showed 
similar changes to those seen with tri- 
valent antimony, but to a much less 
marked degree. Indeed, some patients 
showed no changes whatsoever in electro- 
cardiograms taken during treatment. 


ANTIMONY ON THE ELECTROCARDIOGRAM 


changes, but in 2 others showing equally 
marked T-wave changes, there was no 
slowing of the pulse. In only 2 instances 
did the heart rate of our patients fall 
below 60 beats per minute during treat- 
ment, 1 hiuving a rate of 59 on the last 
day of therapy and the other a rate of 51 
4 days after completion of therapy. In 
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CYCLE LENGTH IN SECONDS 
Fig. 5.—Correlation of QT interval and total length of electrical cycle in electrocardiograms taken 


before and during treatment with antimony in 100 patients. 
ment exhibit prolongation in the QT interval. N 


Discussion. In this study the absence 
in the heart rate during antimony therapy 
is contrary to the findings of numerous 
other investigators, who frequently de- 
scribe a pronounced bradycardia. Main- 
zer and Krause® found a decrease in the 
heart rate in some of those cases showing 
the most marked electrocardiographic 


Note that 27% of patients during treat- 
ormal range indicated by parallel lines (6). 


many cases showing marked changes in 
other phases of the electrocardiogram 
there was actually an increase in the 
heart rate. In 2 patients, records taken 
before, during and after the actual injec- 
tion of tartar emetic showed a slight 
increase in heart rate. 

In our study, no attempts were made 
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to ascertain the underlying causes of 
these electrocardiographic changes. No 
lesions are found in the myocardium of 
dogs who die during the administration 
of large amounts of antimony.!. The 
transient nature of the electrocardio- 
graphic changes with complete return to 
normal after varying periods is certainly 
presumptive evidence against the existence 
of actual myocardial damage. The fact 
that under close observation none of our 
patients developed any clinical signs or 
symptoms referable to the heart despite 
unlimited physical activity, except for 
30 minutes bed-rest immediately following 
each injection, is additional evidence in 
this direction. 
Mainzer and Krause® discuss vagus 
stimulation as a possible explanation for 
antimony effect on the electrocardiogram 
principally because of bradycardia. How- 
ever, those authors are not impressed by 
this explanation. The absence of signifi- 
cant change in the heart rate as found 
in this study also raises a valid objection 
to the autonomic theory, since it is well 
known that the rate is very sensitive to 
changes in autonomic balance. In addi- 
tion, the electrocardio- 
graphic changes for as long as 60 days 
after the cessation of treatment and the 
absence of other signs of antimony effect 
upon the nervous system, both, cast con- 


persistence of 


siderable doubt upon an autonomic etiol- 
ogy. 

Winkler et al.* have studied the effect 
of increased potassium ion concentration 
upon the electrocardiogram in dogs. They 
consistently found an increase in T-wave 
amplitude and lowering and eventual dis- 
appearance of P waves, as the serum 
potassium concentrations Since 
these changes are just the opposite from 
those observed in this study, it seems 
logical to conclude that the potassium 
‘ion present in tartar emetic is not an 


rose. 


etiologic factor in the electrocardiographic 
changes described in this paper. 

Since the underlying mechanism pro- 
ducing these changes is at present un- 
known, their significance cannot defi- 
nitely be established. However, it is our © 
opinion that this is a relatively harmless 
side action of antimony, transient in nature, 
and of no great import as to impairment 
of cardiac function or as to prognosis of 
the patient. With the expected increase 
in use of antimony compounds in the next ° 
few years, it is of the utmost importance 
that these changes be recognized and their 
significance known, so that mistaken 
diagnoses of cardiac disease be avoided. 

Summary and Conclusions. 1. An anal- 
ysis was made of 315 electrocardiograms 
taken on 100 patients during various 
stages of treatment with tartar emetic 
and fuadin for schistosomiasis infection. 

2. An increased amplitude of P waves 
in Leads 2 and 3 was found in 11% of the 
patients. 

3. A fusion of ST segment and T waves 
was found in 45% of the patients. 

4. Varying degrees of decrease in ampli- 
tude of T waves in all leads, resulting in 
deep inversion in many cases, were found 
in 99% of the patients. This change was 
more pronounced during tartar emetic 
treatment than during fuadin treatment. 

5. The Q-T interval was prolonged 
beyond the limits of normal in 27 % of the 
patients in this study. 

6. The duration of these changes is 
variable, and has been noted up to 
2 months after cessation of treatment. 

7. The etiology and significance of 
these changes are unknown. It is our 
opinion that they represent a transient 
side action of antimony not indicative of 
cardiac damage or serious impairment of 
cardiac function. 

8. Recent antimony therapy must be 
considered in evaluating abnormal electro- 
cardiograms found in veterans and others. 
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THROMBOSIS AND EMBOLISM OF PULMONARY VESSELS WITH 
SPECIAL REFERENCE TO PULMONARY VEIN THROMBOSIS 


By Davin M. Spatn, M.D. 


ASSISTANT PROFESSOR OF PATHOLOGY, COLUMBIA UNIVERSITY, COLLEGE OF PHYSICIANS AND SURGEONS 
AND 


Joun B. Moses, M.D. 


NEW YORK, NEW YORK 


(From the Laboratories of Pathology, Bellevue Hospital) 


RECENT reports on the use of such anti- 
coagulants as dicumarol and heparin in 
the various thrombotic and embolic states 
and the recent advances in the diagnosis, 
localization and treatment of phlebo- 
thrombosis in the lower extremities have 
awakened tremendous interest in the en- 
tire subject of thrombosis and embolism. 
For this reason a survey was undertaken 
based on the postmortem material ob- 
served at Bellevue Hospital. The pur- 
pose is to present the incidence of pul- 
monary emboli, thrombi and _ infarcts, 
their most frequent sources, the usual 
underlying disease entities that are pres- 
ent and the nature and evolution of the 
infarcts themselves. Such related ques- 
tions as pulmonary venous thrombosis as 
a source of both bland and septic infarcts 
and the incidence of pulmonary systemic 
emboli in myocardial infarction were also 
studied. 

In a series of 1000 consecutive post- 
mortem examinations on patients over 
the age of 20, excluding cases of subacute 
and acute bacterial endocarditis and 
deaths due to trauma, 109 '(10.9%) were 
found to have pulmonary thrombi or 
emboli. Of these 109 cases, 84 (8.4% of 
total amount) had infarcts of the lung 
(Table 1). This latter figure is in agree- 
ment with the incidence generally report- 
ed. The majority of these patients were 
over the age of 50 with the peak incidence 
at the age of 60. There were no significant 
sex differences. It should be mentioned 
that very few surgical cases (postopera- 
tive) are represented in this series. 

Two hundred consecutive necropsied 
cases in which pulmonary emboli were 
found (some not in original series) were 


analyzed to determine the source of these 
emboli. Of these, 61 had thrombosis in 
the systemic veins, mainly the femoral 
and saphenous. Other venous sites were 
pelvic, lumbar, axillary, jugular and in- 
ferior vena cava. Mural thrombi in the 
right side of the heart were revealed in 
55 cases (48 in the right auricle, 7 in the 
right ventricle). In the remaining 84 
cases the site of the thrombosis was unde- 
termined but was most likely located in 
the deep veins of the lower extremities, 
since none was found in the heart and 
permission was not granted for adequate 
dissection of the leg veins. It is also pos- 
sible that in some of these undetermined 
cases, the vascular obstruction resulted 
from thrombi within the pulmonary arter- 
ial tree rather than from emboli. This 
may have been so especially in those 
cases with rheumatic heart disease. If 
these latter 84 cases are considered to- 
gether with the known 64 cases containing 
systemic venous thrombi, there results a 
combined total of 148 cases in which the 
source for the emboli was extracardiac as 
compared to 55 cases in which the source 
of the emboli probably originated from 
within the heart (Table 2). 

In a study undertaken by Hunter et al.! 
in which the leg veins were dissected in 
350 consecutive necropsies, it was revealed 
that 52.7% had thrombi in the leg veins. 
In this series there were no significant 
sex differences; the average age was 
59.78 as compared in 64.9 in those cases 
that did not have thrombi. This is an 
insignificant difference. In those cases 
having leg vein thrombi, 51 had pulmon- 
ary emboli; of these latter cases death 
was apparently due to pulmonary emboli 
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in 11 instances. The high frequency of 
thrombosis of the veins of the lower ex- 
tremities is not generally recognized, par- 
ticularly in view of the fact that in the 
great majority of the cases the first clini- 
cal evidence of their presence are mani- 
festations of an embolus in the lungs. 
Hunter’s‘ figures are all the more signifi- 
cant because they are minimum figures, 
for in many of their cases it was impos- 
sible for them to perform as adequate a 
dissection of the lower extremities as they 
desired. 


of systemic emboli in 48.7% cases. The 
incidence of embolic manifestations in 
these cases was about 3 times as great 
as in those cases in which mural thrombi 
were not present in the heart. One hun- 
dred consecutive necropsies (Bellevue Hos- 
pital series) of cases with pulmonary in- 
farcts were compared with a series of 
50 necropsied cases in which pulmonary 
emboli were present without infarcts 
(Tables 3 and 4). In the 100 cases with 
pulmonary infarcts it was found that 
82 had heart disease, in 16 no heart disease 


TABLE 1.—INCIDENCE OF PULMONARY ARTERIAL EMBOLI AND INFARCTS 


Number of cases 1000 

Number of infarcts . eke setae ow kk eC, ee 84 ( 8.4%) 
Number with emboli without infarcts . . . . . 25 ( 2.5%) 
Total . 109 (10.9%) 


TaBLE 2.—Source oF EMBOLI IN PULMONARY ARTERIAL EMBOLIZATION AND INFARCTION 


Number of cases 
Systemic veins 
Heart—Right auricle 
Right ventricle 
Undetermined 


Thrombi in the axillary veins are an 
infrequent source of emboli in the lung. 
According to the review by Veal,!° in 
1935, only 150 cases of axillary vein 
thrombosis had been reported during the 
preceding 50 years. However, in recent 
years many additional reports have ap- 
peared. Veal!® classifies thrombosis of the 
axillary veins under 2 groupings—pri- 
mary, caused by trauma or bacterial in- 
fection, and secondary, usually due to 
malignant tumors of the chest region. 
Although axillary vein thrombosis is 
present it is an uncommon source of 
pulmonary emboli. 

The frequency of intercardiac mural 
thrombi, especially in cardiac patients, as 
a source of both pulmonary and systemic 
emboli was well illustrated in a report by 
Garbin.? In a study of 771 consecutive 
necropsies on patients with heart disease, 
161 had mural thrombi in the chambers 
of the right side of the heart. Of these, 
57.8% were associated with pulmonary 
infarcts; 193 cases had thrombi in the 
left side of the heart, that were the source 


200 
61 


was present, the patients having died of 
a variety of diseases, such as carcinoma, 
tuberculosis, ete. However, the situation 
was quite the reverse in those cases having 
pulmonary emboli without infarction of 
the lung. In 50 such cases, 34 had no 
evidence of heart disease. This merely 
confirms the well-known fact that the 
combination of chronic passive congestion 
and obstruction of the pulmonary arteries 
is usually necessary before infarction will 
take place. However, this is not always 
necessary, as we have seen pulmonary 
emboli produce infarcts in the lungs in 
patients who do not have heart disease 
or any evidence of circulatory failure and 
who were not confined to bed. 

Further study of the 100 cases with 
pulmonary infarcts with reference to the 
existing disease revealed that arterioscler- 
otic heart disease with or without hyper- 
tension was present in 34 cases. In these 
34 cases, the source’ of the emboli was in 
the right auricle 10 times, the leg veins 
10 times, and undetermined 14 times; 
21 cases had arteriosclerotic heart disease 
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with either recent or old myocardial in- 
farcts; of these the source of emboli in 
the lungs was the right ventricle in 
3 instances, right auricle in 7, leg veins 
in 3, and undetermined in 8 cases. Of 
20 patients with rheumatic heart disease, 
the source of emboli was in the auricle 
11 times, leg veins once, and undeter- 
mined in 8 cases. Syphilitic heart disease 
with valvular involvement was present 
5 times; periarteritis nodosa was present 
once; 18 patients did not have any cardiac 
disease (Table 5). 


that serosanguineous pleural fluid was 
present in 13 of 100 instances of pulmon- 
ary infarction. Serous fluid was present 
34 times and no fluid at all in the re- 
mainder. When the pleural fluid could 
be with certainty attributed to the 
inflammation of the pleura resulting from 
the infarct, it was invariably found to be 
blood-tinged. In all of these instances 
the fluid was usually scant in amount 
and rarely exceeded several hundred cubic 
centimeters. In each instance when ser- 
ous fluid was present, some degree of 


TaBLe 3.—UNDERLYING DISEASE IN 100 Cases oF PULMONARY ARTERIAL EMBOLI 
Wits INFARCTS 


Arteriosclerotic and hypertensive heart disease 


A “igh 2, OE 
Arteriosclerotic and hypertensive heart disease with myocardial infarcts pr 32 ee 
Rheumatic heart disease 20 4 
Syphilitic heart disease 5 
Periarteritis nodosa 1 
Non-cardiac disease . 18 


TABLE 4.—UNDERLYING DISEASE IN 50 Cases OF PULMONARY ARTERIAL EMBOLI 
WirHovut INFARCTION 


Non-cardiac disease 
Cardiac disease 


34 
16 


TaBie 5.—Source or PULMONARY ARTERIAL EMBOLI IN VARIOUS CARDIAC CONDITIONS 


Type. 


Arteriosclerotic and hypertensive heart disease . 
Arteriosclerotic and hypertensive heart disease with 


myocardial infarct 
Rheumatic heart disease 


It may be noted that thrombi in sys- 
temic veins as a source of pulmonary 
emboli are more frequent in arterioscler- 
otic heart disease than in rheumatic heart 
disease. This may be accounted for par- 
tially by the fact that arteriosclerotic 
heart disease occurs in the older age group 
and also that in some instances pulmonary 
infarcts and rheumatic heart disease may 
result from local pulmonary thrombosis 
rather than embolization. 

The question of the clinical diagnosis 
of pulmonary infarcts at times presents 
great difficulties. For this reason the 
location, frequency and the fate of the 
infarcts, as well as the character of the 
pleural fluid associated with them was 


studied to determine whether these ana- 


tomic findings may be of aid in the clini- 
It was found 


Systemic Unde- 
Auricle. Ventricle. veins. termined. 
10 0 10 14 
7 3 3 8 
11 0 1 8 


heart failure, edema and very often ascites 
existed. Therefore, the presence of this 
serous fluid could not be directly attrib- 
uted to the effect of the pulmonary infarct 
on the pleura. As to the location of the 
pulmonary infarcts, it was found that 
they occur twice as frequently in the 
lower lobes as in the upper lobes. It was 
also noted that multiple infarcts are twice 
as frequent as a single infarct. There 
were no significant sex differences. 

The fate of a pulmonary infarct was 
carefully studied by Castleman.2 He 
combined roentgenographic studies with 
anatomic observations and found that 
infarcts gradually become replaced by 
fibrous tissue and shrink down to such an 
extent that they end as a fine, almost 
unobservable, fibrous scar. Very few of 
the pulmonary infarcts undergo liquefac- 
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bolus can occur when a patient has first had 
preceding emboli in the pulmonary arteries 


The 


therefore. 


resulting in pulmonary hypertension 


pressure In the right auricle has, 


become increased and any subsequent em- 
ia 
} 


olus would then be able to pass through 
a patent foramen ovale trom the right 
auricle to the left auricle and ah e rise to 

sten embolization 

Pulm I enous thrombi are not as 
frequent those in the systemic veins 
because e lung is in constant motion, 

Is p eted from trauma by the bony 
chest cage and the veins are on the same 
vyeneral level with the heart, therefore, 
not necessitati the support of a long 
column of blood Nevertheless, if more 
careful search were routinely made, un- 


doubtedly more examples ot pulmonary 
venous thrombi would be found 


Although not concerned with the main 


subject of this report, it was noted that 


in over 5000 postmortem examinations, 


pulmonary thrombophlebitis as a source 


tor S\ stem emboli occurred in only ] in- 


EMBOLISM 


OF PULMONARY 


ture, we were only itoie 
Nlelbon rire 


to | 


monary thrombophle I 


to find reference 


\ pul- 


s¢ noted 


similar Case 
in the ec: 
in our series Was Seco! dary 


Many infer 


were present 


to a large lung 


abscess 


ted svstemic emboli 


It j not obviou why the 
lung that is SO freque ntly the site of pyo- 


genic infections should infrequently be 
the source of infected emboli 
Conclusions. ‘The 


pulmonary emboli or thrombi in a series 


general in idence of 


ot 1000 consecutive nee ropsies not inclu- 


sive of bacterial endocarditis and 


trau- 


matic Cases was 10.06 


The source ot emboli in the lung IS ap- 
proximately the 


t] rombi within the 


twice is Trequent trom 


system velns as fron 
heart 

Pulmonary emboli in patients without 
heart disease frequently do not cause pul- 
monary infarcts 


In 


myocardial infarction, 


LOO consecutive necro} ied cases ot 
pulmonary emboli 
were noted 36 times and svste 


The 


monary emboli is much 


arterial 


THIi¢ 


emboli 25 times incidence of 


pul- 
vreater In assocla- 
tion with recent myocardial infarcts than 
healed The pulmonary 
emboli ver\ often ¢ ontributed to the death 


with infarets 


of the individual 


Pulmonary venous thrombi as a source 


of systemic arterial emboli occur more 


frequently than 1 generally recognized. 


Pulmonary tuberculosis was the disease 


most often associated with pulmonary 


venous thrombi 


Infected emboli resulting from pulmon- 


stance In a Fre’ lew of the recent litera- ary thrombophlebitis are exceedingls rare 
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RHEUMATOID ARTHRITIS 


I. INTRODUCTION TO A STUDY OF ITS PATHOGENESIS* 
$y ALLAN I). Wats, M.D). 


RESEARCH FELLOW IN ARTHRITIS 


PHILADELPHIA, 


PENNSYLVANIA 


tments of Orthopaedic Surgery and Physical Medicine, University of Pennsylvania 
THe medical imagination has long been — will be omitted from present consideration 
hypnotized by the notion that infection — include Still’s disease, the ankylosing spon- 
in some way responsible for rheumatoid — dylitis of Marie-Striimpell, Felty’s syn- 
atrophic) arthritis. This impression has drome, “menopausal” arthritis, “ psori- 
irgely been based upon confusion with atic” arthritis, and arthritis secondary to 


th tv pe f arthritis which is metastatic 


from a focus of infection, upon superficial 
resemblances between rheumatoid arthri- 
{ and infectious processes and upon 
certain serologi observations. 


TypicaAL RuaEUMATOID ARTHRITIS. It 


annot be too strongly emphasized that 
the pay which follow are applicable 
only to tru rheumatoid arthritis, a disease 
tate which has been described by many 


authoritie as a recognizable syndrome, 


f not an entity. In order that there be 


no misconception in the mind of the reader, 
ts most characteristic clinical features are 
recapitulated as follows: a gradual onset 


netween the 


ages of 20 and 40; a predilec- 
tion for thin females living in a temperate 
climate; a fairly symmetrical involvement 
of the extremities, particularly knees, 
wrists and proximal interphalangeal joints 
of fingers by an indolent, painful, tender, 
omewhat doughy, fusiform swelling with 
more of local heat than redness; and the 
gradual de elopment of deforming con- 
tractures through a series of remissions 
and exacerbations until the advent of bony 
or fibrous ankylosis brings the pain to a 
lose. It should be axiomatic that (hyper- 
trophic) osteoarthritis deviates from this 
linical pattern in so many respects (to 
ay nothing of roentgenographic and gross 
pathologic differences) that its status as 

separate disease is clear. Other types 
f arthritis which for the sake of clarity 


a focus of infection. 

In selecting cases of rheumatoid arthritis 
for serologic study we have used the fol- 
lowing criteria: disease duration of at 
least a vear and a fairly symmetrical in- 
volvement of proximal interphalangeal 
joints of fingers. The “activity” of the 
disease process Was disregarded. 

ArtTHRITIS From Focau INFECTION. In 
synovitis attributable to a focus of infec- 
tion, it is assumed that bacterial toxins 
and not the bacteria themselves are car- 
ried to the joint in the blood stream. 
Such metastatic toxins probably have no 
“arthrotropic”’ intentions. It is rather 
that the joints respond selectively to the 
presence of the toxins in the general circu- 
lation because, as large tissue spaces! en- 
dowed with an abundant blood and nerve 
supply, they are physiologic sounding 
boards. It is for this reason that the 
synovial reaction is a dominant feature of 
such systemic disturbances as the antigen- 
antibody interactions occurring in rheu- 
matic fever during the acute phase (ef. 
Coburn and Pauli®) or in serum disease. 
Once a synovial reaction to a substance 
arriving ria the blood stream has become 
established it tends to become more in- 
tense because a local increase in capillary 
permeability permits the deposition of still 
larger amounts of the causative agent (cf. 
Menkin"). Arthritis due to metastatic 
toxin will thus be no more symmetrical 


* The series of papers of which this is the first has been supported by grants from the Charlotte 


( leza Foundation of the Jefferson Medical College and the National Foundation for Infantile 
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] i¢ on Ol he mati or tresi irl \\ 
( iractel tic Teature i rapid ediment: 
r to alterations in th gnit nfeetion 
I Typ i| examples ob- Increa ed rate mn 
rve cient time prese nt a cleat fact that foeal nfect 
( veen rheumatoid arthritis does not mean that 
Vi ! metastatic Trom a tic have the Lriie 
) The latter Is re stored mental argument 
vhel the rocu ubsides. consider that turpel 
( ( eithe unaccompanied capable Or arousil 
( i¢ or or un nflue need by CTOSSI' and microsco} 
( en \t pical ease 5, oF course, bles that produced 
t nad it 1 possible that both terla Phe oniln 
pr exist in the same patient Oo! ecoecus aggiutinil \ 
e joint The present di - subsequent paper 


el {tll 
i 
4 


erned only with thos ‘ \RGUMED 
! d arthritis which approx GIN The presence | bacteria of any 
é irome cle sSCcTIped tbo r a spec r } i not heet I tent ; demon- 
I p trable n thre blood | ent \ th rheu- 
\ Ler pproach to the baf- —matoid arthrit extraordinary pro- 
g ( ot the pathogens of rheu- longation of the act ige of the joint 
( must be unhampered by lesions in this disea id their tendency 
the 1 concept ot a bacterial eti- to symmetry are arguinents again t bac- 
0 \ igh resting on insecure evi- te rial et ology n vg I ind the I ndit- 
en cept has persisted strongly ference to sulfan ind penicillin 
al the greatest single obstruc- is against a strepto il etiology in par- 
tion to olution of the problem ticular 
THI I y OF BacTERIAL ETIOLOG) ANTISTREPTOLYSINS D ANTIFIBRINO- 
\ brie ection of the foundation o LYSINS. Antibodt ed i esponse to 
{ Di é theo will help tO place if he pre ence ot ( ( emol ( strep- 
er perspective It had it tocoecus mav be expected to be directed 
rig n era of enthusiasm for assign- not only against different fractions 
g causes to disease It wa which comprise plex structure but 
stere he presence of external sign iso against the te or products of the 
fH ation accompanied by an in-  microérganism ‘| known hemolvyti 
creas e of.er throcyte sedimentation streptococeal nrect uch as. scarlet 
nd trengthened by obse rvation Lever OF Crys pela or pre umed hemolytic 
fp whom a frank focus of infec- — streptococeal infecti rheumatic fever 
tio! indeniably related to arthritis. ordinarily arouse odies which oppose 
equently buttressed when a__ the action of streptococeal hem n (anti- 
nritis was produced In experl- streptolysin and eptococeal fibrinolysin 
ils by bacterial injections and antifibrinolvsi rheumatoid arthritis 
nm mal t was conclusively estab- these antibodie ha iot been found in 
shed the demonstration of strong significant titer 
ielutil or the hemolytic streptococcus The first report oO ntistreptolvsin in 
1 the er many patients W th typical the serum. of rheur t vid irthrit Ss Was 
rneu I rth that ot Myers and Leet who stated 
Chese ou line of evidence, how- that it was not present exe ( norma! 
evel ot bear close scrutiny. Inflam- Dawson and Olmstead”? found no definite 
nation a not nece ssarily signify intec- increase in antistreptolvsin in eases ot 
tion, a e signs and symptoms in gout more than | year’s duration but recorded 


~ \( A | - 


The ho 
t¢ ( iT l 
tio of an 
test The 
n cause arthriti 
-specific arthri- 
expel 
W ¢ | nen we 
r nie yT ile 
rt] which 
cl ( reseli- 
ect n of bac- 
ol tire trepto- 
« dl Cu ed n l 
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Shght in- 


n eariier Cases. 


lew case were reported by 

Blan re Hallman? and by MeEwen, 
Bu 1 Alexander, hut the levels 
ound were not comparable with those in 
eumatic fever and known hemolytic 


niections 


| Viscrepancies in 


ations may be accounted for 
t iriations in seleetion of cases, differ- 

crite for a normal level and disre- 
gard of antecedent upper respiratory tract 
nfectior In 1940 Bunim and McEwen* 
concluded that antistreptolysin is not in- 
reased rheumatoid arthritis. With 
regard t nt fibrinols In, Myers, Keefer 


MekKwen, Bunim and Alex- 


nd d Perry’ are in agreement that 
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rheumatoid arthritis sera are within nor- 
mal limits 
Reports of attempts to demonstrate 
complement-fixing antibodies and = cuta- 
neous reactions to streptococcus fractions 
in rheumatoid arthritis have been sum- 
marized by Hench'! as contradictory and 
inconclusive. 
Summary. 


tinction between true rheumatoid (atro- 


The importance of the dis- 


phic) arthritis and arthritis of other types, 
particularly that which is secondary to a 
focus of infection, is emphasized. 

The foundations of the bacterial theory, 
and more specifically, the hemolytic strep- 
tococcal theory, of the origin of rheumatoid 
arthritis are examined and found insecure. 
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Il. NON-SPECIFIC SEROLOGIC REACTIONS* 
By ALLAN D. Watus, M.D. 


RESEARCH FELLOW IN 
PHILADELPHIA, 


From the Dey irtments of Orthopedic Surgery 


In the course of a study of precipitins 
in the sera of patients with rheumatoid 
atrophic) arthritis, to be reported in sub- 
sequent papers, peculiar non-specific pro- 
the These 


properties appear to exert an influence of 


perties were noted in sera. 
primary importance on the general serol- 
ogy of this disease 

PRECIPITATION WITH PHysIOLoGiIc Savi 
The 
control” tube of each precipitin test con- 
tained 0.4 ec. of 0.85% 


SOLUTION “negative” or “saline 
sodium chloride 
solution, 0.1 ce. of serum and no antigen. 
Each test was incubated in a water bath 
at 37° C. for 2 hours and refrigerated 
The 
sera of many patients with typical® rheu- 
arthritis of 


overnight before being examined. 


matoid more than 1 year’s 
duration have a tendency to precipitate 
in this Before 


centrifugation, the precipitate may often 


“negative” control tube. 


be seen (with a reading glass, fluorescent 
lamp, dark background and darkened 
room), appearing as fine particles resem- 


bling those of a genuine antigen-antibody 
reaction. Like the latter, their intensity 
increases day by day as the period of 
With centrifu- 


gation, the tendency of arthritis serum to 


observation 1s prolonged. 


precipitate in saline becomes still more 
marked. The precipitate is now apt to 
take the form of flakes, visible with the 
unaided eye These likewise resemble the 
flakes of an antigen-antibody reaction, 
except that the arthritis serum flakes are 
translucent. Of the 
control sera, from patients with diseases 
other than arthritis, a few 
have shown fine particles in the saline 


occasionally more 


rheumatoid 


control before centrifugation, visible only 
with the reading glass, but none have been 
encountered which yielded flakes on cen- 


= 


Aided by grants from the Charlotte Drake Cardeza Foundation of the Jeff 
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PENNSYLVANIA 


Medicine, U1 tv of Pennsylvania 


Physical 


trifugation. The uncentrifuged non-speci- 
fic precipitation of arthritis serum increases 
with the age of the 
up the test. 


erum used in setting 
is not well marked 
until the serum has stood in the refrigera- 


Usually it 


tor for about 1 week It not abolished 
by fasting the patient overnight before 


blood. The 


specific precipitate 


drawing centrifuged non- 
ess influenced by 
bears 


the age of the serum. Its intensity 


only a general, not a closely quantita- 


tive relation to that which occurs before 
centrifugation. With the passage of time 
there is also apt to be some spontaneous 
precipitation in the refrigerated stocks of 
undiluted serum, a possible source of error 
in precipitin testing. Precipitation in the 
saline controls of arthritis serum precipitin 
tests after centrifugation has been recorded 


by Dawson, Olmstead 


and Jost? and by 
Chasis and McEwen,” but its importance 
does not seem to have been recognized. 
Furthermore, experiments which will be 
reported in a subsequent paper suggest 
the disconcerting possibility that an anti- 
gen may become  non-specifically en- 
meshed in the saline precipitate of rheu- 
matoid arthritis serum during centrifuga- 
tion, thereby increasing the intensity of 
the precipitate, even though the serum con- 
tains no homologous antibodies. It is 
obvious that the existence of this possi- 
bility would make it difficult ever to be 
certain that such a serum actually con- 
tained precipitins specific for any antigen. 
Less frequently, the reverse situation has 
been encountered, in which the presence 
of an antigen has obstructed the tendency 
The 


ment of precipitation by an apparently 


to precipitate in saline enhance- 


after 
centrifugation, but this effect may often 


heterologous antigen is best seen 


rson Medi 


al College 


and the National Foundation for Infantile Paralysis, Inc. 








WALLIS: 
e dete e( n the delicate particles which 
ire press before centrifuging. Omis- 
on of centrifugation will therefore not 
revent occurrence 

To overcome the te ndency of arthritis 
erum to precipitate spontaneously with 
aline ve have tried the following meus- 
ures, Without success: substitution of 1.7 
ind 3.4 odium chloride for 0.85 and 
winging undiluted serum in an angle 

trituge berore setting up the test. 
Sample of serum were also diluted with 
) parts of physiologic salt solution, placed 
na water bath at 37° C. for 2 hours, 


refrigerated for 7 days and cleared in an 


ingle centrifuge When these sera were 
ised in a precipitin test, no precipitate 
occurred in the saline control tubes, but 


he pot ne 


of precipitins presumed to be 
in 


originally present was greatly impaired. 
AGGLUTINATION OF COLLODION Par- 
rICLES Dur ng an investigation of strep- 


ococcus precipitins in the serum of rheu- 
matoid arthritis we undertook to convert 
it precipitin reaction into an agglutination 
a particulate vehicle with 


ry SeNnsitizin 


the antigen Suspensions of fine collodion 
particles were prepared by the method of 


Marshall 


that rheumatoid arthritis sera possessing 


Cannon and and it was found 
trong he moly tic streptococcus agglutinins 
vere apt to agglutinate the particles even 
had 


an antigen. 


not been sensitized by 


The 


arthritis sera varied rather 


when they 
exposure to * collodion 
titers’’ of the 
videly with different batches of collodion 
particles. They ranged up to 1:2560 and 
could not be consistently correlated with 
the streptococcus agglutinin titers of the 


Most of 


not give this reaction at any 


ame sera. the normal sera ex- 


imined did 
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strength. None was positive beyond the 

final serum dilution used, which 
1:20, 
factor in arthritis serum is rendered inert 


lowest 
was The collodion-agglutinating 
by exposure to 65° C. for 30 minutes. 


Ammonium sulfate fractionation shows 


that it 
The agglutination of collodion particles 


resides in the serum globulin. 
by rheumatoid arthritis serum is appar- 
ently a non-specific flocculation analogous 
to the Takata-Ara, colloidal gold, cepha- 
lin-cholesterol and formol gel reactions. 
It is not recommended as a diagnostic test 
because of wide variation in the reactivity 
of successive batches of particles and 
because it is sometimes consistently nega- 
tive against sera from patients with well- 
established rheumatoid arthritis of many 
Its relation to the titer 
of hemolytic streptococcus agglutinins will 


years duration. 


be discussed in a subsequent paper. 

The tendencies of rheumatoid arthritis 
serum to precipitate in saline and to 
agglutinate suspensions of collodion parti- 
cles are probably interrelated. Both are 
also presumably related to the globulin 
content of this serum, which is known*® 
to be high. 

Summary. 


with 


The sera of many patients 
well-established rheumatoid (atro- 
phic) arthritis have a tendency to precipi- 
tate in the saline control tube of a precipi- 
tin test, especially after centrifugation. 
Many rheumatoid arthritis sera also differ 
from the normal in being able to aggluti- 
nate suspensions of fine collodion particles. 

Conclusion. 
tions in which rheumatoid arthritis serum 
takes 


caution. 


Supposedly specific reac- 


part should be interpreted with 
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Il. THE PNEUMOCOCCUS ANTIBODIES” 


By ALLAN 


RESEARCH I} 


PHILADELPHIA 

I ) r Oy) ypaed Surgery 
AS an adjunct to their study of hemo- 
lytic streptococcus agglutination by the 


sera of patients with rheumatoid atrophic 


arthritis, Dawson, Olmstead and Boots 


have investigated the agglutinability of 
other gram-positive cocc) by the same 
sera \gglutination to a significant titer 
did not occur with St) p. viridans, Stre p 

Staph. albus or encapsu- 
lated phe imococel of Types tL. 2 .oFf-2 


However, non-encapsulated pneumococci 
derived from any of these types were agglu- 
tinated almost as strongly as the hemo- 
It the ol 


C paper to pro\ ide an explana- 


Iv tie streptococci is purpose 
the presen 


] 


tion for the existence of agglutinins for 
the non-encapsulated pneumococcus — in 
the serum of rheumatoid arthritis 


Bacteria and Cultiaure 


Materials. 
The non-e1 


Ve dia: 


capsulated pneumococcus strain 
[/192/R was used throughout. Stock cul- 
tures were kept in tubes in the refrigerato1 
In a lew ¢ ot neopeptone broth extract of 
| pound of top of the round, grossly fat- 
res neopeptone Difco], 10 gm sodium 
phosphate dibasic, 4 gm.: tap water to make 
L000 cc.; final pH 7.6 to 7.8) with the addi- 
tion of a few drops of defibrinated horse 
blood. The same medium was used in pre- 


paring suspensi agglutination. Unless 


{ 
mS [Or 


the stock as subcultured at least once a 
month it lost its agglutinabilitv. Mrs. 
Miriam Olmstead Lipman kindly furnished 
samples the microorganism on several 


Cultures 


occasions lor extractions were 
grown in a tryptone glucose veast extract 
broth™ (tn ptone peptone [Bacto], 20 gm 


glucose [cerelose NaCl, 5 gm 
dipotassium phos- 
1000 


pneumococci tended to 


3 5 om 
Bacto], 2 om 
2.5 gm.: distilled 


final pH io Che 


; veast 
extract 


phate, water, cc.: 


* Aided by grar 


g ts from the Charlotte Drake Cardeza Foundation of tl 
dation for Infantile Paralysis, Inc. 


ind the National Four 
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\W IN ARTHRITIS 
PENNSYLVANIA 
1 Ph Med e, I \ Pennsylvania 
die out after 2 or 3 subcultures unless blood 
yy 
Was again added 
Pneumococcus C Substance ™ For quanti- 


tative serologic use the polysaccharide was 


prepared by an approximation of the method 
Croebel, Shedlovsky. Adams,‘ 


\\ ith copper 


Ol 


and 
protein 


Lavin 
omitting the removal 
The aceton 


charide resisted drving by suction 


sulfate ( precipitated polvsac- 


and Was 


dried from the froze1 state by Mi Joseph 
Smolens, to whom « ir thanks are due 
About 12 mg. of a fluffy white substance 
were obtained from | liter of broth culture 


For qualitative serologic use a simpler meth- 
od | the hot 
procedure of Fuller’ 
product Freshly 

vere resuspended it 
No l ce 
medium, and heated in 
at 150” to 155° C. fo 
treatment rendered 


vased on formamide extraction 
vields a 


sedimented 


satisiactory 
organisms 
formamide (Eastman 
565), per 100 ec. of original culture 
a mineral oil bath 
15 minutes. This 
fluid nearly trans- 
indicating efficient bacterial disin- 

After cooling, the pH was ad- 
justed to approximately 4.5, 
light floeculent cloud 
pun down and discarded resumably 
included the F polysaccharide of Goebel. 
Shedlovsky, Lavin and Adams.’ This is the 
C substance conjugated with a fatty acid. 
If its removal was omitted a second peak 
appeared in precipitin tests, attributable 
either to the action of anti-C in a different 
optimal range or to anti-F Goebel and 
Adams To the supernatant were added 
sodium acetate it 10 mg. per ce. 
ethyl aleohol. After 
overnight refrigeration the copious precipi- 
tate collected in the centrifuge and 
taken up in physiologic salt solution, to 2° 
of the original broth volume. 


parent, 

tegration 

whereupon a 

appeared. This was 
It } 


spu 


cf. 


(abo 
and 3 volumes of 95 


Was 


This extract 
was neutralized and a large undissolved resi- 
“ Mer- 


due was discarded by cel trifugation. 


e Jefferson Medical College 
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thiolate” (sodium ethyl mercuri thiosaliey- 
late, Lilly) in final concentration 1:10,000 
was added as preservative. 

Rheumatoid Arthritis Sera. These were 


from patients with typical’? rheumatoid 


irthritis. They were obtained in the dis- 
pensaries and wards of the Hospital of the 
University of Pennsylvania, Temple Uni- 
ersity Hospital and the Philadelphia Gen- 
eral Hospital. Preservative was added as 
n the case of the C substance. The tendency 
of such sera to precipitate spontaneously in 
the saline control tube of a precipitin test 


has been described elsewhere 

Sera From Patients Without Rheumatoid 
Arthritis. These were obtained on the surgi- 
eal and medical wards of the Hospital of 
the University of Pennsylvania. The pa- 
tients had a wide variety ol diagnoses: none 
complained of arthritis; all were afebrile. 
Their age range was comparable to that of 
the arthritics Preservative was added as in 
the arthritis sera 

Methods. Precipitation Tests. The sam- 
ples of arthritis serum were allowed to age 
n the refrigerator about 1 week, and the 
non-arthritis sera at least that long, before 
setting them up in precipitin tests. A few 
sera had enough opalescence to render the 
precipitates illegible. The tubes used were 
10x 75 mm The antigen was used in 
amounts ranging downward from 0.4 ce., 
the volumes being made up to 0.4 ce with 
physiologic salt solution, and to each tube 
vas added 0.1 ce. of serum. With each test 
was included as negative control 0.4 ce. of 
saline without antigen. The tube contents 
vere mixed by tapping and the tubes were 
incubated in a water bath at 37° C. for 
2 hours. After overnight refrigeration read- 
' 


s were made with the aid of a reading 


glass (2 inch diameter, 4 inch focus, mag- 
nification 2) held about 2 inches from the 
tube, a fluorescent lamp, a dark background 
and a darkened room. The tubes were 
tapped several times to make the precipi- 
tate rise and become evenly distributed. 
[oo vigorous tapping was avoided as tend- 
ng to break up the larger aggregates. Cen- 
trifugation of the tests was omitted because 
t aggravates the tendency of arthritis serum 
to precipitate in the control tube. Subse- 
juent readings were made at daily intervals 
for 1 week, the tubes being refrigerated be- 
tween readings. Aside from covering the 
tube rack with an unsterilized paper towel, 


no special precautions were taken to secure 
sterility. Visible bacterial contamination 
was not encountered. 

Agglutination Tests. The procedure of 
Goebel and Adams’ was used, with these 
exceptions: the bacterial suspension was 
diluted to approximate Tube 4 of the 
MeFarland™ turbidity seale; the amounts 
of suspension and serum dilution used were 
both 0.3 ee. The last tube in which agglu- 
tination was visible with a reading glass 
was taken as the titer. This was usually 
1 tube higher than the last one in which 
agglutination was visible with the unaided 
eye. Substitution of triple for single wash- 
ing of the organism had no effect on the titer. 


EXPERIMENTAL. Our concept evolved 
in the following manner: Arthritis sera 
possessing hemolytic streptococcus agglu- 
tinins in high titer were set up against 
suspensions of non-encapsulated pneumo- 
cocci, Which they agglutinated in titers as 
high as 1:640. A few sera from normal 
persons, included as controls, agglutinated 
the pneumococci in titers of zero, 1:20 
or 1:40, values comparable to Group A 
hemolytic streptococcus agglutinin titers 
of patients without rheumatoid arthritis.’ 
As will appear later, these controls 
were not representative, but at the time 
we thought arthritis sera contained sig- 
nificant pneumococcus agglutinins. We 
then sought the pneumococcus component 
against which the arthritis antibodies 
were directed. The negative results of 
Dawson, Olmstead and Boots with encap- 
sulated organisms indicated that this was 
a somatic fraction. An obvious candidate 
was the pneumococcus C_ substance,!® 
which indeed proved precipitable by the 
serum of rheumatoid arthritis. 

At this point we learned of the observa- 
tion of Heidelberger and Anderson® (sub- 
sequently amplified!®), that the sera of 
most normal persons contain measurable 
amounts of precipitin for the pneumo- 
coecus C substance. To determine if the 
precipitates with rheumatoid arthritis 
sera were explicable on this basis, sera 
from patients without rheumatoid arthri- 


tis were set up in the same manner. Com- 
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the precipitation by sera from 
Table 1, A 
by sera from patients with rheumatoid 
Table S 


sults with the 2 kinds of serum are 


parison ol 
non-arthritic patients with 
that 
arthriti B) shows that the re- 
about 
except that arthritis serum has 


he 


control and that its precipitation 


the 


a greatel tendency to precipitate in t 


Saltrie 


saline 
antigen is heavier when the saline 
When 


for this factor, arthritis serum has 


with the 


control is positive allowance 1s 
made 


no more than the normal quota of anti-( 
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\ e only with reading glass 
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ery int i r e@avy 
* The figure beneat! the designatior of eacl ey 
serum f n-encapsulated pneumococcu Thus 
was the highest (of serial double dilutions) capabl 
The serum of patients with typical 


rheumatoid arthritis thus appears to have 
the ability to enhance serologic aggrega- 
tions. The non-specific nature of this en- 
hancement Is emphasized by the observa- 
tion!® that such sera can agglutinate sus- 
pensions of fine collodion particles which 
have not been sensitized by the addition 
of The 


regard to the agglutination of non-encap- 


t 


an antigen implication with 
sulated pneumococci by rheumatoid arthri- 
if most normal sera 


for this 


tis serum is obvious 


contain agglutinins organism, 


MATOID 


ARTHRITIS 


would he 


stronger in the serum of a person who had 


\gglu- 


to 


these agglutinin 


arthriti 


acquired rheumatoid 
tinin titers are included in Table 1. Those 
of arthritis sera average about 2 tubes 
higher than those of non-arthritis sera, 
confirming our su yn that the pneumo- 
coecus antibodies in arthritis serum. areé 
actually within normal limits but that 
their action is enhanced by the presence 
of a non-specifi pro eTTY relate | to t he 
arthriti 
PN Mi s CE 3 
Ny } S 
H K S 
s 4 
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se at ia Nl Ft hak : Sas R as 
TY) eprese ‘ id r made he f + + ug Tt 
nterpreta of the 
Witho mies 
é g ot?! ie 
im do ri est 1o ' in that 
160 fie f m ad f 1:160 
ot 1u 
Discussion. What portion, if any, of 
these agglutinins is actually anti-C is a 
question which has no bearing on our 


Presumably the anti-C 


lue 


present argument 


rum 1s ¢ to the fre- 


in normal human s¢ 
ot p the 
Thi 


normal sera, and hence arthriti 


quent presence eumococcus 1n 


normal throat. makes it likely that 
sera, COon- 
tain antibodies against somatic pneumo- 


Agglu- 


tinins directed against other fractions may 


eoccus fraction other than ( 


account for the lack of a closer correlation 
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between agglutinin titers and strengths of 
C precipitins in Table 1. 


i [ie long period of observation of pre- 


cipitate s in these experiments is necessi- 


tated by the inherent feebleness of human 


anticarbohydrate antibodies in a precipitin 


reaction, as compared with those of some 
other species, notably the rabbit. Another 
vamaple the weakness of human anti- 
eTa nm precipitating homologous tv pe- 
pecine ¢ irbohvdrates of phneumococcus, 
as Finland and Sutliff,> Stats and Bul- 
lowa’’ and othe rs have pointed out. These 
pecies differences have been attributed 
by Horsfall and Goodner"! to qualitative 
differences in the phospholipid require- 


ments of the respective antibodies when 
united with antigen. It is worthy of note 
that Heidelberger and Anderson’ allowed 
human anticarbohydrate precipitates to 
tand S days in the refrigerator before col- 
lecting them for quantitative analysis. 

In recording our results, designations 
of various degrees of “trace” for precipi- 
tates visible only with a reading glass, in 
addition to the more conventional plusses 
for grosser precipitates, have been used 
for the sake of emphasizing several facts, 
namely, that these precipitates are more 
delicate than those obtained with rabbit 
antisera, that special aids (reading glass, 
fuorescent lamp, dark background, dark- 
( ned room) are necessary for their evalua- 
tion, and that gradations observed under 
these circumstances are genuine. When 
cle aling W 


th slight gradations, in the 
ibsence of a permanent standard for com- 
parison, it is to be expected that a given 
precipitate might not always receive the 
ame rating. In practice, the range of 
ich variation in reading is small. For 


xample, a “trace”? might on another 


oceasion be called a “faint trace” of 4 
“heavy ttace;’ but this discrepancy does 
not exceed | gradation. The significant 
feature, however, is that on simultaneous 
comparison of a series of tubés, the relative 
intensities of the precipitates are easily 
determined. The reliability of the method 
is further demonstrated by examining a 
set of tubes on succeeding days, without 
knowledge of previous readings. The 
heaviest precipitate is found in the same 
tube as before, with comparable increases 
in all tubes. 

The pneumococcus phase referred to 
herein as non-encapsulated is widely 
known as “rough.” In the more logical 
later terminology of Dawson! it would be 
‘smooth,”” but this classification has not 
received the sanction of usage. 

Summary. With special visual aids and 
prolonged observation as substitutes for 
centrifugation, rheumatoid arthritis sera 
are found to precipitate the somatic C car- 
bohydrate of pneumococcus a little more 
strongly than do sera from non-arthritie 
patients. The preater ability of arthritis 
sera in this regard is appatently -related 
to their greater tendency to precipitate in 
the saline control tube of a precipitin test. 

Rheumatoid arthritis sera likewise ag- 
glutinates non-encapsulated pneumococci 
a little more strongly than do sera from 
non-arthritis patients. This difference is 
presumably related to the ability of arthri- 
tis sera to agglutinate collodion particles. 

Conclusion. The increased ability of 
the serum of patients with rheumatoid 
(atrophic) arthritis to agglutinate non- 
encapsulated pneumococci appears to be 
due to a non-specific enhancement of the 
action of normally present antibodies. 
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TERMINOLOGY. In 1889, von Jaksch’? 


described an anemia accompanied — by 
splenomegaly and leucocytosis which he 
thought was of specific nature and to 
which he gave the name “ Anemia infan- 
tum pseudoleuczeemica.” This was subse- 
quently called “Jaksch-Hayem-Luzet’s’? 
the 


who described it more fully. 


inemia after names of the authors 
Later writers 
neluded under the name of von Jaksch’s 
inemia a miscellaneous group of unrelated 
inemias and splenomegalies. 

There appeared in 1921, in the clinic of 
Chomas Cooley, a brother and sister with 


inemia, splenomegaly, and distinctive 
kull changes associated with a mongoloid 
ippearance. Other similar patients were 
1925 


vas described to the American 


noted over the next few years. In 
the series 
Pediatric Society by Cooley and Lee.?4 
Not until 2 years later did Cooley and 
is associates?! that his 7 


assert cases 


‘lus 


5 others reported by Stillman and 
ool! belonged to a definite clinical en- 
ty, a hemolytic dysfunction distinct 


om hemolytic icterus and sickle cell 
nemia, to be differentiated from other 
inds of cases of the von Jaksch’s type. 


Jaksch’s 


romptly began to fade from prominence. 


he concept of von anemia 


Debré and 5 claim that 
Hayem described the condition in 1898 


calling the disease 


his associates” 


“ splenomegalic icterus,”’ 
and that Minkowski described it again in 
1900. Perusal of Debré’s report makes it 
evident, however, that no clear line was 
drawn between what are now known to 
be 2 distinct entities, namely, Mediter- 
ranean anemia and congenital hemolytic 
(spherocytic) Most writers 
credit Cooley as the true discoverer of the 
disease, for it was he who first challenged 
the specificity of von Jaksch’s anemia 


jaundice. 


and reclaimed a genuine clinical entity 
from the mass of 
grouped under that term. 
Cooley proposed the name 
blastic oad 


confused disorders 
“erythro- 
anemia’ because of the large 
immature red the 
blood. Later developments 
have shown that this term was not the 


numbers of cells in 


peripheral 


best,* as Cooley himself later realized, 
for it this 
specific entity and other anemias charac- 


causes confusion between 
terized by erythroblastosis such as “ eryth- 
roblastosis foetalis’’ due to the Rh factor. 
The term erythroblastic anemia has be- 
come further unsuitable with the uncov- 
ering of the 
clinical 


state and of mild 
subclinical forms in which 


“ carrier” 
and 
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nucleated red blood cells may by absent 


In truth, anemia itself is not an essential 
diagnostic criterion 

Because of the predilection of the dis- 
ease for children of Greek, Italian, Sy rian 
or Armenian parents, Whipple and Brad- 
ford®® suggested ‘“ Thalassemia” or “* Med- 
iterranean anemia’ from the Greek word 
for “great sea.” Cooley, feeling the use 
of his own name for the designation of 
the disease added another undesirable 
eponym, adopted the term Mediterranean 
anemia for his own clinic.”! 


The sey 


originally 


ere and readily recognizable form 


described by Cooley has as- 
sured the anemia its place in the standard 
However, recent 
the 


disease has a wide range of clinical severity 


pediatric text more 


sf 


Investigations” are showing that 
and that mild cases may have no anemia 


and normal life spans. Mediterranean 


anemia has thus spread from the bounds 
ot pediatric s to invade the realm of adult 
medicine. This has further complicated 


terminology Mediterranean “disease” 
would seem more accurate than “ anemia.” 
Smith®® the 
“mild” for the 
Valentine 


minor” 


uses terms “severe” and 
gradations of severity. 


Neel ™ “ thalas- 


and “thalassemia major”’ 


and propose 
semia 
for the corresponding conditions. Under 
“target-oval cell syndrome” Damashek* 
includes the entire range of variation from 
the frank advanced case to the patient 
who presents naught but minimal hema- 
tologic abnormalities. 
THE CARRIER STATE. 


Angelinit and Caminopetros!™ 


Some vears ago, 
proposed 
the existence of a renetic carrier, as evi- 
blood the 
fragility test, and mild roentgenographic 
Caffey* 
that mild cases can reach adult 


denced by studies, results of 


changes also had hypothesized 
life and 
transmit the disease. 

Wintrobe’s® 
and Caminopetros’ observation that the 
had 
fragility ot the red blood cells supplied 
the final link This related to Mediter- 


ranean various 


confirmation of Angelini’s 


active cases decreased 


parents ot 


anemia other anemia 


Fami- 


syndromes such as Damashek’s™** “ 
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hial Mediterranean 


Target-oval Cell Svn- 
Strauss and Daland’s 


the 


drome,” “Familial 


Microey tic \nemia, “ Microcytic 


Hy pochromic Anemia Associated With 
Splenomegaly and Refractory to Treat- 
ment” of Eliel and Bayles,” “La Syn- 


described 


Hemopoietic 


drome di Cooley nell’ Adulto” 
the ‘ Familial 

Italian \dolescents 
reported by Wintrobe and asso- 
the Gold- 


characteristic changes 


by Chini, 
Disorder in and 


Adults” 


Nt 


clates, and observations by 


blood 


family 


hamer*? of 


in several members of 1 over a 
span of 3 generation 


The 


Cooley, Witwer and Lee’ 


etiology is obscure. 


ETIOLOGY 
originally be- 
lieved that the disorder was not primarily 
hemolytic but rather a disorder of hemato- 
fault 


polesis due to a metabolic which 


also affected bone maturation. Because 
re ported cases survive 
they felt that heredity 


Whipple and Bradford™ 


the possibility of an 


none of the early 
puberty, played 
offered 


inherited metabolic 


no part. 


disorder ora deficiency disease which re- 
sulted in disturbed erythropoiesis, faulty 
bone formation, and bodily development. 
vital factor 


Lehn- 


dis- 


They compared the lack of a 
to that found in pernicious anemia. 
dortt*? 


turbance lay in a disturbed bone marrow, 


suggested that the primary 


which because of some hereditary or 
“mutational” influence was creating de- 
fective red cells. 

Impressed with the great similarity of 
the blood findings in Mediterranean dis- 
Nittis 


suggested that Mediterranean 


chronic and 


N 


ease and malaria, 
Spiliopulos® 
anemia may be a peculiar form of malaria. 
from 1 to 
In 2, 
malarial parasites were found before treat- 
Within 3 months 
after treatment, all had improved clinically 


Kight children ranging in age 


12 years were treated with quinine. 
ment had been started 


and hematologically. 

Similar reports from Greece and Italy 
have stressed the importance of malaria 
as an etiologic factor, either directly on 
the child or indirectly through injury of 
the mother 


the germ-plasm or fetus in 


) 


before or during pregnancy.®!® Flynn* 
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autions us to remember that malaria is 
ery common in Greece and Italy. The 
possibility of coincidental infection would 
he difficult to exclude. Caminopetros' 
vas of the opinion that a coincidental 
malarial infection in Mediterranean ane- 
inia was effective in relieving many of 
the symptoms. 

Smith®** found no history of malaria 
n the individual members of the 16 fami- 
All but 1 of the 


hildren and 9 of the affected parents 


lies whom he studied. 


vere born in the United States. Fawdry,** 
m the basis of his studies on Greeks on 
Cyprus, concluded that malaria played 
10 part in the causation of the disease, 
iltthough a few observers in the Mediter- 
inean countries, such as Aravantinos,® 
prefer to believe that this is an “infectious 
r parasitic process”’ with an affinity for 
he hemopoietic system. No relationship 
» the Rh factors has been demonstrated. 
Damashek*” has suggested, because of 
the hypochromia, the low mean corpuscu- 
ir volume, and the failure of response 
iron medication, that a disturbance 
xists in the metabolism of hemoglobin, 
irticularly in development of a normal 
mount in the cytoplasm of the nucleated 
ed blood cells of the bone marrow. The 
perplasia of the marrow, normoblastic 
type, IS SO extensive in proportion to 
ie evident blood destruction that some 
iuse, other than the constant one arising 
om the demand to replace the cells lost by 
igmentation, is to be sought. Cooley?" 
istulated either a primary progressive 
normality of the bone marrow or a 
perplasia due to long-continued over- 
mulation. The presence of large num- 
rs of circulating erythroblasts in some 
es has led to the obvious suggestion 
it these immature cells have escaped 
o the circulation as the result of chronic 
mand on a particular type of hyper- 
stic inadequate bone marrow or be- 
ise a lowered threshold for the release 
erythroblasts occurs as part of the 
order. 
(he fundamental defect lies obviously 
the production of red blood cells. In 


the advanced cases the variation in size 
and shape of the cells is extensive; hypo- 
chromia is prominent; the cells contain 
so little pigment that their destruction 
vields little jaundice of the serum; and 
polychromatophilia and reticulocytosis can 
he demonstrated. The presence of large 
numbers of stippled cells suggests the 
possible action of some toxin, but this 
seems unlikely in view of the hereditary 
nature of the process.” More likely the 
stippling is a manifestation of a defect in 
structure of the corpuscle.® 

Erythrocytes in every stage of develop- 
ment may be seen. Commonly found 
are macrocytes with unusual central and 
peripheral deposits of hemoglobin, the 
so-called “target cells.” (See later dis- 
cussion of this cell.) 

Damashek*” offered as possible cause 
for the increased hemolysis seen in severe 
cases: (1) Increased breakdown of hemo- 
globin precursors which cannot be properly 
metabolized. (2) A possible increased in 
rivo fragility of the target cells although 
in vitro it has increased resistance to hypo- 
tonic salt solution. (3) Some abnormality 
in the spleen.® 

Similarly Wintrobe and his associates™ 
suggested that the fundamental defect lay 
in the production of abnormal red blood 
cells possessing an adequate or excessive 
membrane with but little eytoplasmic 
substance. As a result, the cells withstand 
the hemolyzing effect of hypotonic solu- 
tions more readily than normal cells. 
Much more fluid needs to be absorbed 
from a hypotonic solution to produce the 
spherical shape which is preliminary to 
Bradford and Dye" studied 
the morphology of the red cells in 8 cases. 


bursting. 


Wet preparations revealed marked frag- 
mentation. “ Knob-like projections were 
observed to form and to break off from 
the erythrocytes with regularity.” In 2 
children, after splenectomy, the cells 
showed a normal or decreased mean cor- 
puscular volume and an increased mean 
cell diameter, which suggested cells thin- 
ner than normal. Price-Jones distribution 
curves usually show wide bases and in- 
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creased coefficients of variations in com- 
parison with normal blood. 

Cooley" believed that the fragmenta- 
tion and the peculiar, irregular deposits 
of hemoglobin in the cells are related. 
The abnormal physico-chemical structure 
of the cells predisposes them to rapid 
breakdown in the circulation. This would 
account for the anisocytosis and poikilo- 


The 


microcytes seen in the moist film are in 


cytosis so often observed. man} 
part produced by fission of large cells. 
Valentine Neel, on the of 
exhaustive studies and 


and basis 


their original 
analysis of the recorded cases, have con- 
cluded, apparently that 
Mediterranean anemia is due, not to lack 


and rightly, 
of extrinsic iron, but to an inherited ina- 
bility of the body to utilize or synthesize 
some substance essential to normal eryth- 
ropoiesis. “Thus far, efforts to identify 
the missing factor in thalassemia have 
been entirely unsuccessful.” 
to this concept, 
the mild 


According 
the difference between 


and severe forms would be a 
matter of difference in the capacity to 
elaborate the unknown deficient substance. 

The enlargement of the spleen which 
appears early is probably due to its over- 
activity in disposing of the products of 
fragmentation.”44 The spleen shows no 
evidence of increased erythrophagocytosis. 
The enlargement of the liver is probably 
associated with persistent anemia; Whip- 
ple and Bradford*” discovered that the 
liver 10 


times the amount of iron normally found, 


at postmortem contains about 
whereas the spleen holds less than the 
normal amount. 

\fter splenectomy, there is a marked rise 
in the number of nucleated red cells in the 
peripheral blood. <A level of 2200 per 100 
white blood cells may be reached.”!?.71.88,% 


Unlike the 


which follows splenectomy in hemolytic 


transient normoblastic crisis 
icterus and pernicious anemia, the level 
of nucleated red blood cells continue per- 
It 


difficult to explain this, unless the possi- 


manently at an elevated level. is 


bility is entertained that the spleen has 
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previousl\ been actively destroying these 
cells. 


Whipple and Bradford®” 


the peculiar pigment distribution in the 


pointed out 


tissues that could be duplicated in only 


one other condition, hemochromatosis. 
The pigments which are chiefly iron-stain- 
ing are increased throughout the tissues, 
except in the spleen which contains less 
Since the 


patterns of pigment distribution are al- 


than the usual amount of iron 


most identical for both hemochromatosis 
and Mediterranean anemia, these authors 
concluded that the blood disturbance alone 
is probably not responsible for the pigment 
abnormalities in Mediterranean anemia. 

Valentine and Neel™ attempt to explain 
the disturbance in terms of an inherited 
inability of the body to metabolize com- 
pletely more than a limited amount of 
the 
quantity of iron ingested or stored in the 
Thus 


factor 


iron into hemoglobin, regardless of 
be a 
for 


hemoglobin synthesis, the deficiency being 


body reserves. there would 


deficiency of some essential 
quantitatively much greater in the fatal 
the 
The 


containing pigments found in the viscera 


form of the disease than in milder 


genetically related variety. iron- 
could be explained as being some pigment 
precursor of hemoglobin which, incapable 


of 


deposited in tissues much as in ochronosis; 


being synthesized further, becomes 
incompletely metabolized pre ducts of tyro- 
sine become deposited in cartilage. 
ing this explanation further, the erythro- 
blastosis becomes the result of the extreme 


Carry- 


degree of iron deficiency ; the bone changes 
are a response to the markedly hyperplas 
tic bone marrow; and the jaundice, neve! 
marked, becomes due to the tendency for 
all abnormally shaped red cells to be de 
stroyed more rapidly than normal re 
cells, regardless of the nature of the abnor 
mality. 

TARGET CELLS. 
1937 described in fresh preparations « 


Haden and Evans* i 


blood of patients with sickle cell anemi 


red cells which had “a central 


“suga 
loaf’ elevation so that in profile they ha 
the appearance of a Mexican hat instea 
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of a dumbbell.”” On stained smear these 
cells had a peripheral ring and a central 
dot of hemoglobin with a pale or unstained 
intermediate zone. The unusual morph- 
ology was deemed to be in some way re- 
lated to the abnormal tendency to hem- 
olysis or the ease of fragmentation. The 
cells were believed to have an unusual 
capacity for taking up water so that they 
almost doubled their volume before hem- 
olysis resulted. 

The following year, Barrett’ showed that 
these cells occurred in obstructive jaundice 
even when the hemoglobin and red counts 
were normal, after splenectomy, in steat- 
orrhea, and in a group of anemias in which 
the color index was not more than 0.8. 
Similar cells were later noted in Laennec’s 
cirrhosis, catarrhal jaundice, metastatic 
involvement of the liver and cardiac de- 
compensation. 

Noting that when viewed from above at 
different levels these cells presented a 

bull’s eye’’ appearance, Barrett® sug- 
gested the name “target cell,” which was 
quickly accepted. He showed that the 
nereased resistance to hypotonic solutions 
issociated with the presence of target cells 
vas due not only to the increased resis- 
tance of the target cells themselves, but 
to the tendency of these cells to be asso- 

iated with other cells of a resistant type. 
His measurements revealed the target cell 
to be of slightly smaller diameter (7.662 yu) 
than the normal cell (8.045 uw). He ques- 
oned Haden and Evans’ description of 
he cell as “dimpled,” and proposed “um- 
onate’’ instead, because of the central 
rojections. Studies on wet films revealed 
iat target cells exist in the blood as bowl- 
iaped precursors. Only on drying does 
ie characteristic “target” appear. In 
ie process of drying bowl-shaped cells 
rm a hump in the center. 

Barrett felt, as had Haden and Evans, 

at the increased resistance of this type 

red cell was probably related to the 
phology. A decrease in thickness ap- 
ared to be the most constant character- 

tic. He compared the target cell to a 

udder which is collapsed and almost 


empty. As fluid passes into it, it becomes 
gradually more distended, but not until 
the spherical stage is reached will there be 
any significant increase in the tension of 
the cell envelope."® According to Haden’s 
theory**:”’ which is essentially a mechani- 
cal one, the thicker the cell the greater the 
fragility and rice versa. The precursor of 
the target cell, the bowl-shaped cell has 
a surface-volume ratio of relatively high 
magnitude. In its transformation to the 
target corpuscle the cell envelope is thrown 
into folds so that it is larger than that of 
the disc-shaped corpuscle. This makes 
for a cell envelope which has a surface 
relatively large compared to the cell 
volume. 

In 1938 target cells were identified by 
Bywaters’ in a case of Mediterranean 
anemia. Although not commented on in 
the text, target cells are evident also in 
the blood films illustrating Caminopetros’ 
paper (1938)' on Mediterranean anemia. 
Since then their presence in this disease 
has become well recognized. The increas- 
ed resistance (decreased fragility) was 
confirmed by Damashek** and later by 
Bohrod.'** However, in direct contrast 
to Barrett, Damashek found in his cases 
that the target cells were larger than the 
average red cell; he also noted their fre- 
quent presence in Mediterranean anemia. 
Bohrod'™ believed the target cell to be 
a young hyperresistant one produced by 
the bone marrow in response to blood loss, 
regardless of cause. He found them pres- 
ent in most chronic anemias, and regarded 
their occurrence as analogous to that of 
the reticulocyte. Damashek* regarded 
the target cell as a congenitally defective 
cell, probably the fundamental defect in 
Mediterranean anemia. He pointed out 
that a cell which is hyperresistant to the 
in vitro hypotonic solution test may never- 
theless be hyporesistant to the in rivo 
destructive mechanisms. Cooley”* in his 
Presidential address before the American 
Pediatric Society commented likewise 
that these cells bear no specific relation- 
ship to Mediterranean anemia. 

Recent evidence indicates that lyso- 
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lecithin in the stagnant blood 


of the 


re lat i\ ely 


spleen may increase erythrocyte 


Ham and Castle’s® studies indi- 


that the spleen is the chief stasis 
and 


ile body that as a result of 


sical, and later metabolic changes 


the red blood cells become spheroidal and 


more fragile Kniseley* showed in the 


living animal that blood free of plasma 
stagnates in the splenic sinusoids for 
several minutes to several hours. All these 


studies tend to confirm the opinion that 
cells 


through 


the red blood become modified in 


their passage the spleen in the 


direction ot increased sphericit: and in- 


creased hy potonie fragility 


On the basis of the foregoing an Bar- 
rett’s establishment of a m rphologic back 


the ncre: sed 
red } lood cells 


ground the target cell) for 


hypotor resistance of the 


after splenectomy, Singer and his asso- 
clates' postulate the possibility of a hy po- 


spleni condition in Mediterranean ane- 


mia Che ‘ noted the appearance ot target 
splenectomy in 


the 


that 


cells in the blood following 


dogs and guinea pigs, and ligation of 


They cone el e 


first produce doin 


veins in dogs 


spleni 


ne ervthrocytes wl el 


the bone marrow are relatively thin, but 
later de elop a “normal”’ degree of thick- 
through the sinusoids of 
Accordit gly, 


the red cell populati n tends to 


ness or passing 


the S] leen when the spl en 
iS absent, 
be thinner than normal and a definite pro- 
blood th- 
ciently thin to be recognized as target cells 
The pt 
spleen may 
the 


erythro yte In 


f 


portion of red cells hecome su 


, . . : 
ssibilitv 1S also advance i that the 


exert some hormonal influence 


late stages of maturation of the 


on 


the absence ot such 9 


factor, target cells mai 


hy pot! etic al 
dev lop 


Smith®* is 


+1 


similarly convinced that the 


target cell is non-specific and that de- 


creased fragility does not depend on their 
presence Of 53 indir iduals € xamined Vv ho 
had a mild form of Mediterranean anemia 
plus increased resistance to hy potonic solu- 
tions. only one-half showed target cells in 
their blood. Microscopic examination of 


the sediment in the tubes in the extremel) 
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dilute solutions of sodium chloride often 

failed to reveal the bowl-shaped precursors 

of the target cell 
Valentine Neel 


Vohrod’s contention that 


and disagree with 
the target cell 
is only a voung hyperresistant form ap- 
pearing in the blood as a response to blood 
loss They have re peatedly seen evidences 
of the bone marrow pouring out large num- 
bers of young cells in the absence of target 
cells. They Damashek’s 


view that the target cell is the fundamental 


disagree with 
inherited defect in Mediterranean anemia 
They deem the target cell to be a thin 
They 


that this cell is encountered ink 


resist int cell, of non-s pe cifie nature. 


point out 
manv other conditions, that some patients 


with undoubted Mediterranean anemia 


fail to display it, and that the number of 
such cells which appear in a stained blood 
smear depends to some extent upon the 


manner of preparation of that smear 


They had been able to produce target cells 


in vitro by suspending normal red cells in 


ig 
plasma or serum rendered hy potonic either 
by the addition of chemicals or by evapo- 
ration 

DiAGNostic CriTERIA. The severe form 
infancy, as 


usually has its onset in earl) 


earl) as the 3rd or 4th month, though its 
not bye suspected until the 


pre sence may 


5th or Oth vear OF age The first apparent 
pallor. Anorexia and 


| 


symptom is usuall: 


fatigue are also noted early. A protruding 


abdomen or palpable spleen may be the 


first finding to invite further examination 


The anemia is constantly progressive 
and before many months the disease proc- 
ess becomes well established. Malnutri 


tion and retardation of growth are present 
The 


not become apparent 


in varving degrees characteristi 


fact Ss usually doe 


until after the Ist vear and sometime 
not until several years The mongoloi 


appearance results from development ( 


the malar and orbital bones. This cause 
some prominence and slanting of the eyes 
The appearance 1 he ightened by the sub 
icteric tinge of the skin. The prominenc 
of the upper teeth are a result of protru 


sion due to hyperplasia of the maxilla.*° 
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The abdomen becomes progressively pro- 
tuberant with increase in size of the liver, 
and especially the spleen. The spleen 
may become so weighty that the small 
child cannot stand up without support 
lest he be thrown forward. Lymphaden- 
opathy is slight. The sclersee may become 
mildly icteric. The urine may be dark 
from urobilin but almost never contains 
ile. There are no characteristic hemolytic 
crises but exacerbations may occur during 
nfection 

True cardiac hypertrophy has been 
lemonstrated repeatedly.“°7 Hemic mur- 
murs are readily audible and in advanced 
cases cardiac action may eventually be- 
come embarrassed. In the late stages, 
ecchymosis and free bleeding may be seen. 
Pathologic fractures are not uncommon. 
Coreoran* described an 8 year old boy 
vho first came to medical attention be- 
ause of a spontaneous fracture of the left 
femur. 

Of more recent interest is the recogni- 
tion of mild or asymptomatic forms of the 
listurbance. The mild or “minor” form 
S beginning to be recognized as widely 
prevalent, in contrast to the marked or 

major” form which is more familiar but 
omparatively uncommon. (See a later 
ection of this Review for a summary of 
Careful 
tudy of the blood may be the only means 


urveyvs regarding pre\ alence. ) 


which the mild form may be detected. 
ibtle roentgenologic bony changes may 
so be demonstrable. 
Well-established cases have anemia as 
prominent symptom, but the mild form 
iy have a normal or even increased red 
ll count In both varieties the hemo- 
bin content is usually lower than the 
d cell level, giving rise to a low color 
lex. In Smith’s®** studies on 54 affected 
rents and siblings, in 16 families, morph- 
gic changes in the red cells were de- 
‘ted in all individuals regardless of the 
tensity of the anemia. Smith’s descrip- 
n is representative of the current 
lerstanding of the red cell abnormali- 
“These changes consisted of vary- 
degrees of hypochromie anemia, occa- 


sionally polycythemia, an elevated icteric 
index, the presence of target cells, reticulo- 
eytes, macrocytes and stippled red cells, 
and increased resistance of the red cells 
to hemolysis. The most common findings, 
regardless of the severity of the anemia, 
were anisocytosis and poikilocytosis, baso- 
philic stippling and increased resistance 
to hypotonic sodium chloride solution. 
The hypochromic and polychromatophilic 
macrocytes constituted an important diag- 
nostic feature and were frequently found in 
predominant), microcytice blood smears.” 
He found a reticulocyte increase ranging 
from 2 to 8% in all subjects with anemia, 
the increase being proportional to. the 
severity of the anemia. The number of 
stippled cells was not always proportional 
to the number of reticulocytes. Nucleated 
red cells free in the blood stream were 
found only with advanced anemia. The 
vast majority of nucleated red blood cells 
were normoblasts. 

Diversity of red cell size was another 
prominent feature in Smith’s cases. There 
was a tendency to microcytosis with large 
cells interspersed. In mild cases the 
macrocytes were few in number, but in 
anemic cases they often appeared in great 
numbers. Smith described 3 types of 
macrocytes. The first is the target cell 
which is seen in about half of patients 
with the mild form of the disease. The 
second is a circular or slightly oval cell 
having a narrow rim of hemoglobin and a 
large central achromiec area. The third 
cell, and the one Smith believes to be the 
most specific, is large and pale and bears 
its hemoglobin irregularly distributed. 
This cell looks as if defectively stained. 
It is extremely thin and leaflike and in 
wet preparations the edges fold over. 

The majority of his mild cases showed 
a normal or slightly decreased volume of 
packed red blood cells accompanying the 
slight to moderate reduction in hemo- 
globin content. Regardless of severity, 
anisocytosis and poikilocytosis were in- 
variably present. Smith found, as had 
Wintrobe® previously, that morphologic 
changes were far out of proportion to the 
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mildness of the anemia. Polychromato- 
philia, Howell-Jolly bodies, Cabot rings, 
nuclei and reticulated markings appeared 
frequently. 

The fragility test is believed by Smith 
to be the most important single procedure 
for recognition of both the mild and the 
advanced forms. In Mediterranean ane- 
mia the span of fragility of the red blood 
In Mild cases unhem- 
olyzed cells may be found in 0.175% solu- 


cell is prolonged. 
tions of sodium chloride. In severe cases, 
hemolysis may not be complete until dis- 
tilled Angelini‘ _ first 
called attention to the importance of the 


water is used. 
fragility test in detecting the mild case 
or carrier. This was confirmed indepen- 
dently by Caminopetros.” 

In the advanced disturbance the leuco- 
are usually moderately elevated. 
One of the patients of Whipple and Brad- 
ford** had a count of 116,000. 


cytes are usually immature types such as 


cytes 


The leuco- 
early myelocytes and young lymphocytes.® 
The 


bleeding and coagulation times are usu- 


Platelets may be normal or reduced. 
ally within normal limits. The van den 
Bergh test, if positive, is indirect and the 
icteric index may be as high as 20. Urine 
and feces usually show increased amounts 
of The 
phosphorus and lipids fall within normal 
limits 


urobilinogen. serum, calcium, 
In the mild cases no disturbance 
in the hemopoietic system is usually elicit- 
able apart from morphologic and resistance 
changes in the red cells. 

Resistance to antianemic therapy aids 
in the diagnosis. When an infant or young 
child of Mediterranean origin free from 
infection fails to respond to adequate iron 
therapy, his future course will probably 
be that of Mediterranean anemia.®* 

Almost always 1 or both parents or 
grandparents come from one of the Medi- 
terranean countries. The tendency to 
familial occurrence is of extreme impor- 
tance in diagnosis. Clinical findings are 
usually marked only when the anemia is 
well established and progressive. 

Whipple and Bradford*® emphasized 
the pigment abnormalities in advanced 


DICAL SCIENCE 
cases which follow accurately the pattern 
of pigment distribution in hemochromato- 
sis. Deposition of iron-containing pig- 
ments in the skin cause the characteristic 
subicteric tint.” 

The bone marrow shows marked hyper- 
Parent stem cells of the marrow 


Myelo- 


cytes of all types are numerous as are 


plasia. 


(hemocytoblasts) are abundant. 


megakaryocytes. Normoblasts are pres- 


ent in excess; megaloblasts not so 


30 34,78 


great 
abundantly. 

Highly characteristic is the increased 
outpouring of immature red cells which 
follows and persists after splenectomy. 
As already mentioned, all observers agree 
that splenectom) IS productive of no clini- 
cal improvement apart from the mechani- 
cal relief gained by removal of a large and 
heavy organ from the persistently dis- 
The red blood cell 


count and hemoglobin level appear to re- 


tended abdomen. 

main unchanged after splenectomy. 
Little can be added to the observations 

of Caffey*® on the skeletal 


These findings are essentially non-specific 


changes 


and characteristic of all the chronic hemo- 
lytic anemias of infancy and childhood 
it 
anemia that they are most marked and 


though is in severe Mediterranean 


most frequent. Identical lesions have 


kala-aza 
All observers are 


been seen in chronic malaria, 


and syphilis.* agreed 
that the changes in the bones are not 
primary but secondary to increased bloo« 
formation, taking place before the cortex 
is sufficiently firm to resist the expanding 


marrow. The extent of skeletal chang: 
is usually parallel to the severity of th 
anemia. Mild anemias have but litth 


The later in childhood the 
disease becomes manifest, the less marke: 


bone changes. 


is the osteoporosis. 

In the skull, overgrowth of hemopoieti 
tissue widens the diploic spaces by dis 
TI 
frontal bone becomes the site of the earliest 
and later of the most marked thickenin; 
The radiating spicules of the frontal and 
parietal bones may make these bon 


placing the outer table externally. 


5 times their normal thickness.'2 Swell- 
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ing of the zygoma cheek bones contributes 
The inter- 
nal expansion of the swollen upper maxilla 
sometimes obliterates the maxillary sin- 
Skull thickening may antedate the 
long bone changes, or vice versa. 


to the mongoloid appearance. 


uses. 


The long and short tubular bones are 
uniformly involved, with widened medul- 
lary canals, thinned cortices and general 
osteoporosis. Heavy trabeculations, par- 
ticularly near the ends of the shaft, may 
cross irregularly through the medullary 
spaces. During late childhood and early 
Matu- 
ration and growth of the skeleton may be 
retarded 


adult life sclerosis may supervene. 


The bone changes come after 
the blood changes. They have been ob- 
erved as early as age 45 months,' though 
most of the marked cases have had appar- 
ently normal bony contours until after 
iges 6 to9 months. Splenectomy appears 
neither to accelerate nor retard the de- 
velopment of bone lesions. 

GENETIC BEHAVIOR. little 
doubt that Mediterranean anemia has a 


There is 


hereditary origin, even though the severe 
ases usually fail to reach adolescence, 
ind those who have gone on to maturity 
lah ae 
The question 
s not whether it is transmitted, but how? 
Angelini‘ supplied early evidence for a 
ereditary origin. 


ave failed to procreate.®° 


In a study of 26 mem- 
bers of 6 families, he found that nearly 
ll the parents and siblings showed two 
triking features—a_ slight bilirubinemia 
nd an increase in the resistance of the 
d blood cells to hemolysis. The absence 
sex linkage is well established although 
undles and Falls* 
similar 
insmitted. 


described a 
thus 


have 
ymewhat form of anemia 
Caminopetros,!™ working at the Pasteur 
stitute of Athens, found 35 
lediterranean anemia in eastern Greece 


-ases of 


d made detailed observations on sev- 
eral generations of 4 families, 1 for 4 
erations. He demonstrated mild bone 
Changes in apparently healthy members 
the family as well as an increased resis- 


ice to hypotonic solutions of sodium 
oride. He postulated on the basis of 


his studies that the disease is transmitted 
according to the Mendelian law as a reces- 
sive character. His study of the family 
trees brought out the surprising fact that 
the ancestry Greeks _ included 
some Chinese who had migrated to Asia 
Minor. This might account for the “ Mon- 
golian eye” occasionally found in some 
cases. 

McIntosh and Wood* concluded that 
failure to discover a significant excess of 


of these 


marriages of cousins among the cases over 
that present in the community at large 
argued against the mechanism of simple 
recessive inheritance, although the theo- 
retic ratio of 1 affected to 3 unaffected 
siblings was demonstrated. These authors 
state that dominant inheritance “ may op- 
erate to produce Mediterranean anemia 
in the children of apparently healthy 
parents in | of at least 3 ways: first, by 
recent mutation of genes as in amaurotic 
family idiocy; second, by operation of 
some as yet unrecognized environmental 
factor which allows the genetic trait to 
be expressed; third, by association of 2 
genes, each of them rare and each capable 
of producing a recognizable deviation from 
normal when occurring alone in the par- 
ents, but causing an anemic syndrome 
only when found simultaneously in 1 per- 
son.”” They discount the first 2 hypotheses 
on the basis that these fail to account for 
the 1:3 ratio of affected to unaffected sib- 
lings, and for the occurrence of the anom- 
aly in twins, and conclude that 2 dominant 
genes is the most plausible method of 
transmission. They suggest that the in- 
creased resistance of the red cells may be 
the expression of 1 of these synergistic 
genes. 

Cooley believed the inheritance was 
by a simple dominant. He rejected the 
idea that the was race-limited. 
“When a disease-producing mutation takes 
place, it recurs first in the neighborhood 
of its origin. It is limited to a race in 
proportion to the clannishness and isola- 
tion of the people involved. The appear- 
ance in a Negro or Chinese child must 
not be attributed to an unlikely racial 


disease 
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ue h occurrences may he « xpl uned 


cTos 


he new appearance of mutations which 


ont 
set up new foci of the disease.”’ 

Damashe k’s™ 
famili 
led him to believe that the mild disorder 
Mendelian 


disorder 


studies on 10° Italian 


with target-oval cell syndromes 


readily transmitted by a 


but that 


was 
dominant, the severe 
required the presence of homoz) cous genes. 

Smith®”° found in every family he stud- 
affected child that 


both parents presented abnormalities of 


ied with a severel\ 


the blood, except in | family incompletely 
inve stigated. Smith Suggests that inheri- 
tance is by a dominant gene, judging by 


the family pedigre es of his cases and those 
of othe rs a 


Neel have 


the 


Valentine and made a 


thoughtful analysis of manner of 


the ir 


inheritance, basing considerations 


upon a review of the literature and ob- 
ations of 34 
familie 5 In 
had , 
similar but quantitatively less severe than 
those of Mediterranean 


ser\ persons in 4 affected 


these families 24 persons 


he matologie findings qualitatiy el\ 


full-blown ane- 
mia 
thalas 


tance of erythrocytes to hypotonic solu- 


which the authors prefer to eall 


semia including increased resis- 


tions of sodium chloride, target and oval 


red blood cells, microcy tosis, and hypo- 
chromia. Valentine and Neel scrutinize 
the 3 most likely patterns of inheritance. 
The first is that the severe form results 
from homozygosity for a factor which 


when heterozygous produces the mild ane- 


mia, 


the responsible factor is either 
an incomplete recessive or a semi- 
dominant Otherwise stated, the full- 


blown disease is inherited as recessive 


characteristic, but the heteroz\ gote as 
well shows significant changes in the 
blood This is the theory of Camino- 
petros® and Dameshek.”* The second 
likely pattern of inheritance is that pro- 
posed by Cooley?’ and Smith®* that both 


the severe and the mild conditions have 


the same genetic basis and are due to a 


Thus 


| person heterozygous for this factor may 


dominant factor variably expressed. 


have a severe disturbance, and another 
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the different 


being determined by 


one only minor changes, 

environ- 
The third 
likely pattern is that suggested by MelIn- 
tosh and Wood 


Cause d by 


rea tions 
mental and genetic modifiers. 
who proposed that the 
the 
presence of 2 non-allelomorphic dominant 


disease is simultaneous 


factors, | inherited from each parent. After 
discussing 


Valentine and 


these alternative possibilities 
Neel 
siderations too lengthy to reproduce here, 
that “the bulk of e) 


conclude, from con- 


idence, with one sig- 
nificant departure, favors the hypothesis 
that the mild state is due to heterozy gos- 
ity for a factor which when homozygous 
The 


as the working 


results in full-blown thalassemia.” 
1 


authors present this view 


approach which fits the known facts best, 


even though certain trends remain puz- 
zling, such as the tendency for a significant 
excess of mildly aff cted indin iduals among 
the offspring ot mildly anemic and. nor- 
mal parents. Technically they favor the 


theory of an incomplete recessive gene 


although Gates*®* from a review of the 
same series ot cases inclines toward the 
view that the gene is a partial dominant 


sublet hal W hen homozygous. 
The 


confined to the popula 


PREVALENCE AND DISTRIBUTION. 
disease 1S largely 
the Mediterranean littora 

F Many 


descendants. 
to the northern shore 


tion living along 
and their writer 
confine the disease 
but it has been reported from both shores. 
Most of the patients come from Greece 
Sicily, Calabria 
the first case from Italy was not reported 
until 1934,' 


original descript ion 


and Strangely enough 


almost 10 years after Cooley’ 

Many believe that 
the southern Italians with the disease ar 
partly of Greek origin.? During th 
height of the Greek era of civilization and 
particularly during the reign of Alexander 
the Great. there was extensive coloniza- 
the 


by Greece, with subsequent intermarriag 


tion of all Mediterranean countrit 


Fawdry™ found many advanced cases 


among the Greek inhabitants of Cypru 


+ 


in 2} vears as medical officer in 1 distri 
he encountered 20 such patients, 19 chil- 


dren and 1 adult. 
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Investigation of the fossilized bones of 
the mound builders of eastern Arkansas,*! 
and of the pre-Columbian Peruvians® indi- 
cate that in those past civilizations a 
disease existed whose roentgenologic find- 
ings are identical with Mediterranean 
anemila.~* 

A number of instances of an identical 
or closely similar anemia have been re- 
ported in non-Mediterranean races. Sara- 
coglu® described Mediterranean anemia in 
a 9 year old Turkish boy whose brother 
had died from a severe anemia. This is 
the fourth reported case among individuals 
of Turkish descent. Sendrail et al. ob- 
served a Spanish case. Bywaters' de- 
scribed a 10 year old ill child with a blue- 
eyed English policeman as father, an 
English mother, and 4 healthy siblings. 

Diwani*’ found the disease in 2 Egyptian 
children. Mukherji* has recorded a 30 
month old Hindu male with this anemia. 
Patel and Bhende® noted a Brahmin boy 
who had the disease complicated by cir- 
rhosis of the liver and kyphosis. Coelho'® 
has observed 2 Indian girls aged 6 and 
% vears, and Napier® and his associates 
a Hindu boy aged 10 years. Dhayagude?® 
has described a 7 year old Brahmin boy 
who had the disease in a moderately severe 
form, and from New Delhi, Malhotra and 
Chhuttani*® have reported a 4 year old 
affected child. 

The first case in a Chinese child was 
reported in 1940 by Foster.** No Roent- 
gen rays were taken of the skull or long 
bones. The mother had hematologic find- 
ings suggestive of a mild form of the dis- 
ease. Wang and Khoo* in the same year 
report 3 cases of hemolytic anemia with 
erythroblastosis in Chinese children. One 
of the 3 appeared to have Mediterranean 
anemia. 

Damashek® in his article on the “ Tar- 
get Cell Syndrome” (1943) mentions a 
typical case of Mediterranean anemia in 
a Negro child observed at the Mt. Sinai 
Hospital of New York. Stiles, Marlowe 
and Dangerfield®® describe a 33 year old 
Negro with the hematologic findings of 
the disease; this individual’s mother and 


sister also had histories of anemia and a 
maternal great-grandparent was of Italian 
origin. Faber and Roth*® report an in- 
stance in a Negro girl. Damashek,”® who 
has often seen target and oval cells in 
Negroes with no evidence of sickling, 
states the entire subject needs amplifica- 
tion. Downey*! feels that many cases in 
other races may have been overlooked 
because the symptoms are sought only 
among Mediterranean descendants. 

Neel and Valentine® made a city-wide 
survey of the number of individuals of 
Italian descent living in Rochester, N. Y. 
and the prevalence of Mediterranean ane- 
mia among them. These individuals for 
the most part were immigrants or descen- 
dants of immigrants from Sicily or south- 
ern Italy. Survey of hospital records re- 
vealed the occurrence of the severe form 
of the anemia was | per 2368. From this 
datum they estimated the number of 
mild cases which might be present among 
this same population, basing their calcu- 
lation upon the hypothesis that severe 
Mediterranean anemia is an inherited dis- 
order due to homozygosity for an inherited 
factor, whereas the milder disorder is due 
to heterozygosity for the same factor. 
Their calculation led to the ratio 1 per 
25 adult Italians for the frequency of the 
minor disorder in Rochester’s population. 
This estimate has thus far not been vali- 
dated by direct study of representative 
samplings. 

ProGnosis. The prognosis is contin- 
gent on the fact that the disease shows 
a wide range of variation, from the “ trait” 
or carrier state to the advanced form 
marked by severe anemia. Individuals 
having the mild form may and usually 
do have a normal span of life, whereas 
individuals having the severe form, with 
onset early in life, marked anemia, spleno- 
megaly, and bony changes, rarely survive 
adolescence. They succumb from pro- 
found anemia or intercurrent infection. 
Very occasionally, a temporary remission 
may be induced by transfusion or splenec- 
tomy. Less often a more or less permanent 
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remission takes place at blood levels com- 
patible with moderate normal activity. 
The number of reports keeps growing 
of patients with moderately severe anemia 
marked 


with or without clinical and roentgenologic 


and hematologic abnormalities 
findings who have survived adolescence. 
Mandeville*® described a 15 vear old with 
an advanced roentgenologic picture. No 
mention is made of any associated find- 
ings. In 1936, a 24 vear old Italian phar- 
macist with pallor, jaundice and spleno- 
megaly who had a normoblastic crisis after 
splenectomy was reported by Allen and 
Childs.2 Dalla Volta’s® patient, aged 30, 
showed considerable excess pigment in his 
organs and large cells suggesting the foam 
cells Whipple and Brad- 
ford.* Caminopetros!™ listed 2 adults 
with Mediterranean anemia and Aravan- 


tinos® 3 aged 16, 21 and 22 years. Thal- 
male 


described by 


heimer™ reported a 14 year old 
whose illness dated from 1 year of age, 
and added a note regarding a 16 year old 
patient mentioned to him by Dr. Benja- 
min Kramer of the Jewish Hospital of 


Brooklyn \tkinson® adult 
siblings of Greek parentage, a brother and 


followed 2 


sister, 17 and 20 years old, with character- 
istic findings, for a period of 12 years. 
A Sicilian youth of 20 with splenomegaly 
and a hypochromic microcytic anemia 
Win- 
trobe;* since the age of 10 this patient 


resistant to therapy was seen by 
had presented a degree of hypochromia 
and poikilocytosis out of all proportion 
to the Eliel and Bayles® de- 


scribed a 39 year old American born Italian 


anemia. 


woman who had a hypochromic, micro- 
cytic anemia with splenomegaly, subclini- 
cal jaundice, and blood change character- 
istic of the 
childhood. 


Greek male on Cyprus, 20 years old, who 


Mediterranean anemia of 


Fawdry* reported an adult 


had stunted growth, cardiac enlargement 
and a mongoloid facies. Smith’s® 19 year 
old boy was first described in 1942. He 
had been followed since the age of 4 and 
1929. A younger 
brother, aged 8, also with Mediterranean 


was last transfused in 


anemia, is being treated symptomatically 
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without transfusion. Van Ravenswaay’s 
patient who praciised forms of treatment 
The 20 


year old male deseribed by Voorhies and 


quite primitive was 35 years old. 


Sloan®® demonstrated a characteristic hem- 
atologicepicture, mongoloid facies and ex- 
tensive bony changes. Read’s 36 year 
old male apparently had a mild form of 
Mediterranean anemia. 

Of course, now that the great reservoir 
of mild cases has been discovered, distince- 
tion must be made between the mild and 
severe, or “minor” and “major’’ forms 
of the disorder when adult patients are 
being discussed. 

TREATMENT. There is very little that 
has been left untried in the treatment of 
Mediterranean anemia. Feeding of vari- 
ous liver and splenic fractions have given 
Adrenal cortical extract 


Anterior 


negative results. 
has been tried without success 
lobe of the pituitary, thymus and bone 
marrow extracts failed to modify the clini- 
Vitamin concentrates, 
beef, 
nucleotide have proven of little avail.” 
No_ specific 
treatment is known. 


eal picture. raw 


pancreas, predigested and penta- 


corrective or prophylactic 
All therapy must be 
directed toward preventing complications 
This 


anemia is almost the only exception to the 


and offering symptomatic relief. 


dictum that a hypochromic anemia always 
responds to iron therapy. 

Hunter,“ in an attempt to depress the 
that 
immature nucleated erythrocytes into the 


blow rd 


Roentgen ray in dosages in excess of the 


hemopoietic organs SO escape of 


stream might be prevented, gave 


optimal. Acute bone marrow depression 
was produced. Aided by transfusions, the 
platelets and white blood cells returned 
After 


the red cell count rose to a higher level 


to normal levels. several weeks, 


than had been observed at any time prior 
to the irradiation. The clinical condition 
also showed improvement. No reports 


of further follow-up studies were published. 


Wang and Khoo tried Roentgen ray 
therapy with 1 of their patients. There 


was a marked depression of all blood ele- 
ments including the platelets. Daily irra- 
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diation of the spleen of a 9% month old 
patient by Amesse and Barber* offered no 
relief and was discontinued when the 
patient became worse. 

Nittis and Spiliopulos,>* noting a simi- 
larity in the blood findings in Mediterra- 
nean anemia and chronic malaria, at- 
tempted intensive antimalarial therapy in 
8 patients having the advanced picture of 
Mediterranean anemia. Seven of the 8 
showed clinical and hematologic improve- 
ment 3 months after therapy. In direct 
contrast, Caminopetros,' observing the 
benefit which occurred in a thalassemic 
patient who developed a coincidental 
malarial infection, inoculated 7 other pa- 
tients with the disease. His results led 
him to state that this therapy was as 
effective as is Roentgen ray therapy in 
leukemia. 

Goldman and Malavazos,** taking into 
account Whipple and Bradford’s opinion 
that the basis of the pathologic process 
lay in a vitamin or endocrine disturbance, 
tried pregnancy urine and vitamin By with 
3 patients. All responded with bone mar- 
row hyperplasia of the erythrogenic series, 
and moderate increase in the red cell 
count in the peripheral blood; but as 
treatment was continued beyond 4 weeks 
a fall in the count took place. 

Van Ravenswaay et al. described a 
primitive treatment practised by a 35 year 
old patient in his youth in a small town 
in Greece. (This patient had 3 children 
who died of Mediterranean anemia.) Four 
to 6 folds of skin would be lifted over the 
liver or spleen and each fold would be 
nicked with a knife. Then a tumbler was 
held over this area with a lighted piece of 
cotton placed inside. This consumed the 
oxygen and created a suction. The tum- 
blers were left in place until they loosened 
themselves which was usually when one- 
third full of blood. As many as 4 to 5 tum- 
blers would be used at one time. Native 
children have also been taught to lean 
over a sharp piece of furniture such as 
a table and compress the spleen for as 
long as they could stand the pain. Im- 
provements in breathing would follow, 


~- 


and the patients would repeat this pro- 
cedure 6 to 8 times per day. 

Splenectomy is of no great value.!:?4.73.™ 
It is practised only in patients with marked 
weightiness of the organ or mechanical 
obstruction. Very occasionally a tempo- 
rary remission will follow splenectomy. 

Blood transfusions are without perma- 
nent benefit. Nevertheless, periodic 
transfusions should be given to maintain 
blood levels compatible with normal activ- 
ity. Koteen and Brooks® have set up an 
out-patient transfusion clinic for patients 
with this disorder. Adequate levels of 
hemoglobin and red cells are maintained 
by whole blood transfusions every 2 weeks. 
Transfusion maintains the hemoglobin and 
erythrocytes on low but constant levels. 
When the levels begin to drop more trans- 
fusions are required. ‘Transfusion reac- 
tions though frequent are usually not 
serious. Only with the aid of repeated 
transfusions have children with severe 
Mediterranean anemia lived to and beyond 
adolescence. The 19 year old thalassemic 
described by Smith*® is an exception. 
Valentine and Neel’ caution against 
using blood for these patients drawn from 
the parents or relatives because: “1. 
Frequently the donor’s blood is signifi- 
cantly hypochromic, so that the hemo- 
globin content per 100 cc. of blood is 
below the desired optimum. 2. More im- 
portant, erythrocytes which have the same 
type of defect inherent in the erythrocytes 
of the recipient, albeit quantitatively less 
severe, are being transfused. There is 
presumptive evidence that such cells are 
undergoing more rapid destruction than 
normal erythrocytes, in the body of both 
the carrier, who is the donor, and the 
thalassemic recipient. 3. It is undesirable 
to bleed donors whose hemopoietic appa- 
ratus is already overstrained and defective. 
It seems likely that the supportive value 
of such transfusions may be significantly 
reduced. Transfusion from an extraneous 
normal donor or from a proved normal 
relative is a more rational procedure.” 

Conclusions. The observations sum- 
marized in the preceding pages represent 
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a body of information impressively elabo- Neel’s estimate of 1 affected carrier per 
25 individuals of Italian origin clamors 
Mediterranean anemia was not recognized for corroboration. We must have ade- 


rate when one considers that the disease 


as an entity until 2 decades ago. Numer- quate knowledge regarding heredity in 
ous problems related to it are as poorly order to be able to give eugenic advice to 
understood now as when Cooley and Lee young couples when 1 or both are found 
made their first report. The basic defect to carry the trait. Treatment, of course, 
has an inherited origin, and probably is has always been highly unsatisfactory, 
more closely related to red cell than to _ palliative transfusion being the only help- 
hemoglobin formation (though both seem ful procedure known. Widespread atten- 
defective in advanced cases), but what is tion should be given to Koteen and 
its precise nature? The recognition of Brooks’ experience in an out-patient trans- 
the carrier state represents a major step fusion clinic. If transfusions can be given 
forward, of as great importance to adult — to active cases in out-patient departments 
as to pediatric medicine, yet the mechan- at frequent regular intervals, the rate of 
ism of genetic transmission has become _ infections will decrease, the costs to hospi- 
more rather than less obscure as a conse- tals will diminish and the children them- 
quence of this discovery. Valentine and _ selves will fare better. 
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OVARIAN TUMORS 


By Frank B. 

PHILADELPHIA, 

Tumors originating in the ovary con- 
tinue to be of great interest to the clinician 
as well as the gynecologic pathologist, 
judging by the great number of papers 
which have been published in recent years. 
To the clinician, once the diagnosis of an 
ovarian tumor has been made, the chief in- 
terest lies in knowing whether or not it is 
malignant. To the pathologist, however, 
the details of structure, origin and classifica- 
tion carry the study into much finer rami- 
fications. For those who are interested in 
this highly specialized field of gynecologic 
the recent collective review of 
While 


the review which is here presented will 


pathology, 


Dockerty‘ will be of great value. 


overlap Dockerty’s at some points, it will 
stress the clinical rather than the patho- 
logic aspect. 


GRANULOSA CELL Tumor. This tumor, 


which produces estrogenic hormone, is 
being more frequently recognized each 
year. In a study of 21 cases Henderson"! 
found that they presented considerable 


variation in gross and microscopic appear- 
ance. The smallest tumor was microscopic 
in size while the largest weighed 24 pounds. 
The moderate sized tumors, as a rule, re- 
interstitial hemorrhage, 
The 
solid portions were whitish in color and 
Marked friabil- 


ity was a constant feature of those tumors 


vealed areas of 


cystic degeneration and _ necrosis. 


of brainlike consistency. 


which were predominantly of the follicular 
type. The common clinical evidence of 


hormone activity was uterine bleeding 


BiocKk, M.D. 


PENNSYLVANIA 


alternating with irregular periods of amen- 
orrhea. Amenorrhea of 3 to 4 months 
duration was common while periods as 
long as 2 years were occasionally observed. 
When such long periods of amenorrhea 
period of the 


menopause it was often difficult to deter- 


occurred during the age 
mine whether the amenorrhea was due to 
a physiologic menopause or to the tumor 
Endometrial hyperplasia of the “Swiss- 
cheese” type was the common pathologi 
evidence ot excessive estrogen secretion 
During the postmenopausal years, myo- 
metrial hypertrophy frequently accom- 
panied the endometrial hyperplasia while 
in the 1 case occurring before puberty, 
secondary sex characteristics were preco- 
ciously developed. Evidence of biologic 
activity of the tumor was present in 1. 
of the 21 cases. In 10 cases the evidence 
was endometrial hyperplasia and in 5 i 
was a clinical history of irregular uterine 


bleeding. There were 5 cases of uterin 
fibroids as well as 2 cases of carcinom 
of the endometrium. Until more is known 
about the malignant potentialities of tl 

tumor and the effect of 


irradiation on a large number of cases has 


granulosa cell 


been observed it would seem wise to ad- 
vise postoperative irradiation in all cases 
in which the tumor occurs at the time 
of, or after, the menopause. Considerable 
variation in the rate of growth of these 
neoplasms was evident. One patient was 
observed for 35 years without any increase 
in size of the neoplasm, while the largest 
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tumor in the series occurred in a patient 
whose only complaint was a rapidly en- 
Another case 
demonstrated marked rapidity of growth 
following the intrauterine application of 
radium for metrorrhagia. 


larging abdomen for 1 year. 


At the Mayo Clinic, according to Hodg- 
son, Dockerty and Mussey," between 1910 
and 1944 there were 62 granulosa cell 
This constitutes 1.63 % 
of 3800 ovarian tumors encountered dur- 
About 60% of 
were found in women who had 
passed the menopause. 


tumors removed. 
ing this period. these 
tumors 
The most com- 
mon clinical symptoms were uterine bleed- 
ing (74°. of 62 cases), amenorrhea (22% ) 
From 
a study of the records it was apparent 
that the that produced these 
symptoms grew slowly and might have 


been present for as long as 35 years. 


and abdominal enlargement (29%). 


tumors 


Evidence of hyperestrinism is afforded in 


this series by symptoms of precocious 


puberty, amenorrhea and postmenopausal 
bleeding, and is supported by the inci- 
dence of adenomyosis and endometriosis 
9.6°), which often occurred in_post- 
menopausal patients; uterine fibromyomas 
51.6%, uterine hypertrophy 59.6° and 
Differ- 


entiative (secretory) changes in the endo- 


proliferative endometrium 67 “%. 


netrium were correlated in 3 cases with 
iteinization in the granulosa cell tumor. 
Luteinization without the expected endo- 
metrial change was observed in 12 addi- 
Thus the deduction that 
granulosa cell tumors may produce the 


tional tumors. 


fferentiative hormone, progesterone, is 
The high (21%) 


ol endometrial carcinoma observed in 38 


iggested. incidence 


stmenopausal patients who had granu- 


a cell tumor was remarkable. In 3 of 
e 8 cases, carcinoma of the breast with 
llary metastasis also developed. This 


T 


phenomenon of coéxistent ovarian, endo- 
metrial and mammary carcinoma in the 
human being bears a marked similarity 
the results of experiments on laboratory 
mals in stimulation 
appears to be a factor in carcinogenesis. 


which estrogen 


In this group of 62 cases of granulosa cell 
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tumor there were 4 definite recurrences 
and 1 possible recurrence. Conservative 
surgical procedures among the postmeno- 
pausal patients accounted for 4 and pos- 
sibly 5 failures to obtain good results. 
Thus 4 recurrences and 3 deaths occurred 
after conservative operations in the post- 
menopausal group. This appreciable inci- 
dence of recurrences among older patients 
indicated that bilateral o6phorectomy with 
hysterectomy is advisable for granulosa 
cell tumors affecting women past middle 
life. Less radical procedures, on the other 
hand, seem to be indicated for granulosa 
cell tumor affecting younger women, inas- 
much as no recurrences were noted and 
pregnancy subsequently occurredin 3 cases. 

In regard to the curability of granulosa 
cell tumors, Jones and Te Linde™ of the 
Department of Gynecology at Johns Hop- 
kins Hospital have found that as these 
tumors become more commonly recog- 
nized, it is apparent that the prognosis is 
more difficult to determine than formerly 
believed. It was at first thought that 
these tumors were benign. As the number 
of case reports multiplied and the follow- 
up studies were available, it became 
evident that the granulosa cell tumor, 
although more benign than most other 
ovarian carcinomas, nevertheless carried 
with it a definite malignancy. The diffi- 
culty in the prognosis of the granulosa 
cell tumor is further reflected by the wide 
variation of statements in the literature 
concerning its malignancy. The occur- 
rence of malignancy among the granulosa 
cell tumors is quoted by various authors 
as being as low as 10% and as high as 
55%, with all intermediate gradations. 
The collection of adequate statistics on 
the malignancy of the granulosa cell 
tumor is difficult as the incidence of late 
recurrence in this tumor group makes 5 
or even 10 year follow-up studies inade- 
quate. This fact has been strikingly 
brought to their attention by the recent 
return of 3 patients to the gynecologic 
clinic, all having recurrent granulosa cell 
tumors 15, 16 and 19 years, respectively, 
after their original operation. All 3 pa- 
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tients have died, 18, 20 and 21 years, 
respective ly, following the removal of the 
primary tumor, in spite of the fact that 
the tumors were well encapsulated and 
showed no evidence of metastasis or 1m- 
plantat on at the original operation. One 
case recurred in spite of a bilateral sal- 
pingo-odéphorec omy and a hysterectomy. 
One ca 


dominal meta stases, 


with widespread inoperable ab- 
responded well to 
deep Roe ntgen ra\ therapy over a period 
of 3 years but a subsequent recurrence of 
the growth proved refractory to treat- 
ment. Total urinary estrogen values were 
1, 


not extrem¢ high in 2 cases but within 


the range ol values for normal cyclic 
women Howe ver, the values were well 
above those usually found for postmeno- 


pausal women, into which age group all 


1] at the time of recurrence. 


3 patient fe 
All 3 eases exhibited clinical signs of estro- 
genie activity on recurrence of the tumor. 
Although it is 
less than 15 years since theca cell tumors 


TuHeca CELL Tumors. 
of the ov iy have been accurately de- 
scribed, they have attracted considerable 
attention. In analyzing 23 of these tumors 
Banner and Dockerty' state that the 
tumor probably arises from certain pluri- 
potential mesenchy mal cells of the ovarian 
cortex and is related on the one hand to 
the histologically mature fibroma and on 
the other to the comparatively dedifferen- 
lated granulosa cell neoplasm. Contro- 
vers) still exists, however, in regard to 
certain clinical, pathologic and physio- 
logic aspects of the tumor and further 
statistical data are necessary to elucidate 
some of these issues. In their series theca 
cell tumor appeared to be relatively rare. 
It comprised about 3% of the group of 
solid ovarian tumors, was about a third 
as common as granulosa cell tumor, and 
was less than a tenth as common as ova- 
rian fibroma. The average age of patients 
who had theca cell tumors was about 
54 years; 65 % of the patients were 50 years 
Extremes of 80 and 26 
years were noted. Theca cell tumors have 


of age or older. 


not been reported as occurring prior to 


the age of puberty. Pregnancy had oc- 


curred at least once in 80% of the patients. 


Irregular vaginal bleeding of the post- 
menopausal type or gross menstrual ir- 
regularities of younger patients. existed in 
more than 60° of the reviewed cases. 
The largest tumor measured 12 em. in its 
greatest diameter and the smallest 3 mm. 
The average diameter was about 6 ecm., 
the actual size of the tumor bearing no 
apparent direct relation to the degree of 
clinical ‘“function”’ as measured by the 
duration or the severity of associated 
The color of the 
The outer 


menstrual disturbances. 
tumors varied considerably. 
aspect, usually smooth and often bossel- 
ated, presented tints ranging from brown- 
ish gray or even pearly to a dull orange 
yellow. This latter color was nearly al- 
Ways apparent somewhere on cut section 
The consistency was in 
rubbery rather than 


of the tumor. 
general firm but 
densely hard and inelastic. Degenerative 
central cysts were present in several of 
the larger tumors and these cysts appear- 
ed to arise through chronic infarction and 
edema as a result of twisting of the pedicle 
of the tumor. Residual ovarian tissue 
could be found in the capsules of all but 
A smooth glisten- 
ing capsule invested all but 2 of the 


the larger neopla ms. 


tumors, and these 2 appeared to be fixed 
by adhesions to neighboring structures 
These tumors appear to be derived from 
the ovarian mesenchyma and they are 
closely related to the granulosa cell group 
of tumors. Occasionally the relation ma) 
be a histologic one with elements of both 
types discernible within the same neo- 
Usually, however, both tumor 
The relativel; 
high incidence, especially in postmeno- 


plasm. 


present “purity” of type. 
pausal patients, of associated myometri: 
hypertrophy and uterine fibromyomas, 
endometrial 
hyperplasia and cervical and fundal ca 


combined frequently with 
cinoma, suggests the production by the 
ovarian tumors of estrogenic hormon 

Inability to demonstrate measurable quan- 
tities of this hormone through assays of 
tumor tissue is perhaps not to be regard: d 
as conclusive evidence of absence of the 
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hormone. Although the tumors did not 


invariably produce clear-cut clinical symp- 
toms, their presence could often be sus- 
pected by an alteration in the menstrual 
habits of the patient. Postmenopausal 
bleeding from a hypertrophic endome- 
trium was commonly encountered in these 
patients. 

In reporting 4 cases of theca cell tumors 
McGoldrick and Lapp?’ have reviewed 
the subject and state that not infrequently 
there are no abnormalities 
Varying degrees of virilism have 
been reported in 3 instances. 


menstrual 
noted. 
Atypical 
bleeding may be cyclic or irregular, scanty 
or profuse. Other changes noted are a 
rejuvenation of atrophic breast tissue, 
recrudescence of libido, and a revitaliza- 
tion of the vaginal mucosa. Physiologi- 
eally, because of the hyperestrinism pro- 
duced by the tumor, the uterus becomes 
enlarged and softened with glandular cys- 
tic or adenomatoid hyperplasia of the 
endometrium. All symptoms abate upon 
extirpation of the tumor. In the pre- 
menopausal group, the periods again recur 
regularly; in the postmenopausal group, 
They state that the 
tumor is always unilateral, no bilateral 
theea cell tumors ever having been re- 
ported. ‘Thecoma tends to simulate the 
fibroma of the ovary in size, shape and 
( onsistency. 


the bleeding ceases. 


A capsule is commonly pres- 
ent. On cut section, the surface is noted 
to be composed of varying sized islands 

iving a diagnostic yellow hue and sepa- 
rated by grayish white fibrous bands. 
small eystie areas are an inconstant fea- 
ture and result from liquefaction necrosis. 
\t the most, theca cell tumors are a form 
Most 

rgeons feel that treatment need not be 
radical, a simple excision of the ovary 
being sufficient in the vast majority of 


( es. 


of low grade ovarian malignancy. 


Theea cells are considered to be 
radioresistant, so that radiation therapy 

generally considered to be of little or 
no value except for the diminution of 
the size of the tumor by the effect of 
Roentgen ray on the fibrous tissue stromal 
elements. 


ARRHENOBLASTOMA. While the granu- 
losa cell and theca cell tumors may be 
called feminizing tumors because they 
secrete female sex hormones, the arrheno- 
blastoma is a masculinizing tumor and is 
a much rarer tumor than the others. In 
presenting a case of this type Kanter and 
Klawans™ state that when virilism exists 
in the female, several conditions must be 
considered in differential diagnosis since 
adrenal and pituitary disease can both 
cause the condition. Cushing’s syndrome, 
basophilic adenoma of the pituitary, is 
characterized by hypertrichosis and amen- 
orrhea but no hypertrophy of the clitoris 
On the 
other hand, there are hypertension, glyco- 
suria, obesity of face, neck and trunk, 
acrocyanosis and interference with visual 
fields. The adrenogenital syndrome may 
be quite difficult to differentiate from 
arrhenoblastoma since most of the symp- 
toms of one are present in the other. 
The presence of an ovarian tumor would 
point to arrhenoblastoma but the tumor 
may be so small that it cannot be palpated. 
The adrenal may be visualized by Roent- 
gen ray after perirenal air insufflation, 
but here also the tumor may be too small 
to be visualized. Careful blood and urine 
studies may give a clue to the diagnosis. 
Adrenal tumors are associated with hyper- 
tension, a decrease in serum sodium and 
in increase in serum potassium. The urin- 
ary sodium is increased to 3 times normal 
and the potassium in urine is decreased. 
In a study of 70 cases collected from 
the literature, which were all the cases 
available up to the time of their report, 
Krock and Wolferman’’ have gleaned 
several interesting observations. The con- 


or larynx and no ovarian tumor. 


clusions of investigators on sex reversal, 
that the right ovary exhibits testicular 
transformation more often than the left 
in animals, is not borne out in the human, 
since the tumor was found on the left 
side in 31 cases, and in 2 it was stated as 
occurring on both sides. It is also to be 
noted that the histologic pictures, as re- 
ported, lack the necessary degree of uni- 
formity to be convincing that this unusual 
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tumor is a distinct pathologic entity. 
Alteration ¢ 


the female is not limited to one particular 


f secondary characteristics in 
group of ovarian tumors. There are many 
reports of masculinizing ovarian tumors 
in which histologic examination has failed 
to disclose the presence of testicular ele- 
In other words, we have, on one 
the 


ments 


hand, so-called ‘‘arrhenoblastoma”’ 
with a variable picture of masculinization 
clinically but with what apparently are 
testicular elements histologically, and, on 
the other different 


types of ovarian neoplasms in which the 


hand, a number of 
predominant tissue is other than testicular, 
but with clinical virilism. The one thing 


common to 2 such w idely divergent 
pictures is the presence of tridermal tissue 
elements, which can be demonstrated by 
routine studies in approximately one-third 
of the cases. To create a new pathologic 
entity, based upon the predominant tissue 
present, as has been done with arrheno- 
blastomata, would lead to hopeless confu- 


sion. In the final analysis, 


our present 
knowledge is still deficient concerning the 
exact origin of all the factors controlling 
the development of secondary sexual char- 
their 
plea that all masculinizing ovarian tumors 


acteristics. Upon this basis, it 1s 


be classified as teratomata with a one- 
sided development, be such development 
testicular elements (either in the form of 
interstitial cells or seminiferous tubules), 
adrenal cortical remnants, or even other 
roles at 
the 


development of the secondary sexual char- 


tissues or their anlagen whose 
present under normal conditions, in 
acteristics of the individual, are not fully 
understood. Or we may retain the term 
“arrhenoblastoma” to indicate such a 
ss clinicopathologic”’ condition, rather than 
regard it as representing one constant 
pathologic entity to be pigeon-holed thus 
by any pathologist inspecting the tissue 
microscopically. 

A most interesting and unusual case of 
arrhenoblastoma, complicating pregnancy, 
probably the first instance of its kind has 
been reported by Brentnall.’ 
for the extreme rarity of the 2 conditions 


The reason 


MEDICAL 


SCIENCE 


in the same patient is that once a tumor 
has produced its first symptoms, amenor- 
rhea, the woman is sterile but usually 
several months must pass before the symp- 
there- 
fore, only a very short period during which 


toms of virilism appear. There is, 
pregnancy and virilism can synchronize. 
This patient was delivered by Cesarean 
operation and it is of interest to note that 
the child was normal except for the exter- 
nal genital organs which were those of a 
pseudohermaphrodite. 

first 
used by Robert Meyer in 1930 in a case 


The term gynandroblastoma was 


of arrhenoblastoma which had in part a 
cell 


tumor and was accompanied by uterine 


histologic similarity to granulosa 


hypertrophy. He suggested that ovarian 
tumors may arise from indifferent elements 
which become morphologically and func- 
tionally hermaphroditice so that they may 
cause both hypertrophy of the uterus and 
a case of 
the litera- 
that ova- 


masculinization. In reporting 
their own and after reviewing 
ture, Mechler and Black” state 
rian tumors exist in which there is altera- 
tion of the secondary sexual characters of 
the bearer in the male direction, presum- 
ably as a result of the androgenic hormone 
liberated by the tumor; but at the same 
time there is a continuation of cyclic men- 
strual bleeding, with indications of hyper- 
estrinism. Such cases differ from granulosa 
cell tumors both biologically and_histo- 
logically. There is no constant cell pat- 


tern in these cases, and they appear t 
represent combinations of granulosa cel 


The pres 


ence of tubular structures lined by cylin 


tumors and arrhenoblastomas. 


drical, mucus-secreting epithelium ha 


been noted. Interstitial cells carrying 
lipoids, resembling the testicular Leydig 
cells, are common to both gynandrobla 
There 


presumptive evidence that these cells a1 


tomas and arrhenoblastomas. 
the source of the androgenic hormon 
The question of antagonism between t! 
androgenic and estrogenic hormones 


Andro- 


genic hormones are capable of inhibiting 


gynandroblastomas is complex. 


menstruation in the normal woman, theo- 
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retically by inhibiting the gonadotrophie 
factor of the hypophysis, thereby prevent- 
ing ovarian formation of estrin. This does 
not apply in case of the tumor, necessarily, 
as the tumor cells may be able to produce 
estrin independently of hypophyseal fac- 
tors. Therefore, hyperestrinism and viril- 
ism may coé€xist in the same person. The 
term gynandroblastoma may be usefully 
applied to describe a clinical-pathologic 
syndrome, but there is no constant ac- 
companying histologic pattern. The ova- 
rian tumor concerned has epithelium-lined 
tubules and interstitial cell groups in com- 
mon with arrhenoblastoma. The impres- 
sion is gained that combinations of the 
granulosa cell tumor with arrhenoblastoma 
do oecur but that one element or the other 
usually predominates to the extent that 
the double biologic effect. is lacking. It 
is suggested also that the gynandroblas- 
tomas are teratomatous. 
DyYSGERMINOMA. In contrast to the pre- 
ious tumors which we have considered, the 
dysgerminoma elaborates no sex hor- 
mones and is the tumor most frequently 
issociated with pseudohermaphrodites and 
women with poorly developed genitalia. 
In presenting a case of this type, Long, 
Ziskind and Storck’? comment that while 
i large pelvic tumor in a pseudohermaph- 
odite or in a female with infantile geni- 
talia suggests dysgerminoma, the diagnosis 
; not so easily made in those women who 
ave normal secondary sex characteristics. 
side from symptoms referable to a dis- 
irbance of hormonal balance, the com- 
aints and findings are usually those due 
a large and rapidly growing pelvic 
imor. Changes in the menstrual period, 
(dominal pain and enlargement are the 
nmon complaints. The tumor, as a 
e, enlarges rapidly, attaining a size 
ficient to fill the lower abdomen in 3 
6 months. Degeneration of the fast 
wing mass frequently occurs and _ is 
netimes responsible for fever, night- 
‘ats and leukocytosis up to 20,000 cells 
e.mm. Other more infrequent symp- 
is, some of which are due to pressure, 
ers to malignant extension, are renal 


colic, urinary frequency, respiratory em- 
barrassment, diarrhea, vomiting, ascites, 
anemia and loss of weight. The tumor is 
one of childhood and young adulthood, 
frequently having its onset early in pu- 
berty. In this characteristic it varies 
widely from its homologue, the testicular 
seminoma, which rarely is found before 
the 30th year. The diagnosis rests largely 
upon a consideration of the duration of 
symptoms, the age of the patient, state 
of sexual development, and the presence 
of a rapidly growing pelvic neoplasm. 
Palpation of the abdomen and pelvic ex- 
amination reveal a hard, elastic mass with 
an irregular, nodular surface. Occasion- 
ally the Roentgen ray may be able to dif- 
ferentiate between a teratoma or dermoid 
cyst from a dysgerminoma by demonstrat- 
ing the presence of calcium in the tumor. 
Opinions as to the incidence of malignancy 
in dysgerminomas vary. As yet there 
are such few cases on record and each 
writer's experience is so small that no 
clear conception of the degree of malig- 
nancy has been gained. The pathologist 
is able to add little to the problem’s solu- 
tion, for histologically all dysgerminomas 
display malignant features, and there ap- 
pears to be no constant relation between 
these and the degree of malignancy. At 
present the most valuable criteria of the 
malignancy of individual tumors are clini- 
cal. If at operation a unilateral tumor is 
found which has no obvious extension, as 
indicated by the absence of infiltration of 
adjacent structures and regional lymph 
node involvement, it may be regarded as 
benign until proved otherwise by the clini- 
cal course. Infiltration of the broad liga- 
ment, uterus, opposite ovary, rectum and 
bladder, and lymphatic spread to the retro- 
peritoneal lymph nodes occur in a definite 
proportion of cases, but metastases to dis- 
tant organs are rare. The importance of 
accuracy in estimating the degree of clini- 
cal malignancy at the time of the opera- 
tion is self-evident when the occurrence of 
dysgerminomas in young individuals is 
placed in relation to the effective methods 
of treatment of the malignant phase, viz., 
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radical surgery and deep Roentgen ray 
the raps The price paid by the patient 
for this form of treatment is removal or 
destruction of both ovaries. While this 
fate is of little concern to the pseudo- 


the with 


marked hypogonadism, it is undesired by 


hermaphrodite or to patient 
the young girl who has not yet developed 
the 
who desires to bear chil- 


} 
seconaary 


sex characteristics and by 
young woman 
dren. Simple extirpation has come to be 
considered good judgment on the part 


of the surgeon who finds at operation 


a solid, non-adherent, ovarian tumor. 
Should gross and histologic study prove 
the mass to be a dysgerminoma, frequent 


follow-up examinations should be made 
in an effort to discover early any possible 
recurrence of the neoplasm, which when 
found should then be treated by irradia- 
the 


at operation evidence of local ex- 


tion If, on other hand, there is 
present 
tension, a more radical surgical procedure 
should be adopted and followed after 
operation by deep Roentgen ray therapy. 
In inoperable cases, thorough irradiation 


alone remains the treatment of choice. 
Those patients whose advanced dy sgermi- 
nomas are attacked early are offered an 
excellent prognosis. The cut section pre- 
sents a homogeneous, friable, glistening, 
brainlike surface through which run scanty 
fibrous septa. Areas of yellowish discol- 
oration indicate lipoid degeneration, and 
frequently this has progressed to the stage 
of frank 


broad zones of necrotic tissue and hemor- 


necrosis with the formation of 


rhagic cysts of varying size. The micro- 
scopic appearance of sections of dysgermi- 
noma is one of the most characteristic 


The 


tumor cells are large and round with hy- 


found among solid ovarian tumors. 


perchromatic centrally placed nuclei con- 
taining large nucleoli, and a narrow lightly 
mitotic 


granular cytoplasm. Frequent 


figures appear. The cells are loosely ar- 
ranged in column or islands, frequently 
described as alveolar, separated by vary- 
ing amounts of loose, edematous, poorly 
vascularized connective tissue. Degenera- 
tive changes and hemorrhages are com- 
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mon. The connective tissue nearly always 
is diffusely infiltrated with lymphocytes, 
and these with the presence of small epithe- 
lioid cells and large giant cells create a 
picture simulating tuberculosis. 

BRENNER Tumor. This is another of 
the rare ovarian tumors which is usually 
unilateral. In reporting a case of bilateral 
srenner tumors Johnson and Dockerty™ 


remind us that the Brenner tumor com- 


prises 2°% of solid ovarian tumors, which 


in turn comprise only 20°% of all ovarian 


tumors. Brenner tumors may be divided 


into 2 groups, namely, (1) a completely 
solid tumor (70°) and (2) a solid tumor 


in the wall of a cyst, usually a pseudo- 
mucinous cystadenoma (30% Brenner 


tumors vary in size from a microscopic 
nodule to a huge gsrowth almost filling the 
Small 


no symptoms, being discovered at necrop- 


abdominal cavity. tumors cause 


sy. The majority of Brenner tumors are 
found after the menopause. They never 
occur before the onset of puberty. In 
their series of 20 cases, the ages of the 


patient varied from 34 to 75 years. 


Although uterine bleeding has been pres- 
ent in a number of reported cases, there 
is no proof that this bleeding is on a hor- 


monal basis. The most common com- 
plaint is of an abdominal tumor. In all 
cases reported in the literature — the 


tumor was benign, but these growths fre- 


quently are associated with other neo 
plasms of the genital tract. Macroscop 


cally, Brenner tumors resemble ovaria! 


fibromas, being whitish in color, dens 


and_ hard. 


is uniform. 


Microscopically, the pictur: 


There are islands of squa- 
mous-like epithelial cells in a dense strom 
of fibrous tissue. The peripheral rows 
of these cells frequently are arranged 

palisades. Some of the islands are cyst 

with an inner lining of columnar, mucus- 
producing cells. Mitotic figures are n 


observed. These tumors are to be dist ” 


guished from granulosa cell tumor a! 


from metastatic squamous cell epith: 
oma. In any solid ovarian tumor,. espe- 
cially of the bilateral variety, the possi- 


bility of Krukenberg’s tumor should be 
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kept in mind and exploration of the upper 
part of the abdomen should be undertaken. 
Johnson and Dockerty state that there are 
3 fairly plausible hypotheses of origin. 
The first is that of Robert Meyer who 
reported that Brenner tumors had been 
derived from Walthard’s cell rests which 
frequently are found in the cortical and 
medullary zones of normal ovaries. These 
rests undergo metaplasia to form Brenner 
tumors. However, these rests often are 
found in the mesosalpinx and underneath 
the serosa of the fallopian tubes, locations 
in which Brenner tumors never are en- 

The second hypothesis is that 
of Schiller who noted a close resemblance 
between certain glands of the posterior 
urethra and the epithelial elements of 
Brenner tumor. He believed that Bren- 
ner tumors arose through a dislocation of 
similar cells from the primitive wolffian 
duct. 


countered. 


However, although the urinary and 
the genital anlagen develop in close prox- 
imity to each other, direct connection has 
rarely been proved to exist within the 
ovary. The third hypothesis, namely, 
that the teratomatous origin, is based on 
the fact that third of Brenner 
tumors occur in the walls of mucinous 
cysts of the ovary. 
} 


about a 


In a few cases there 
ias been uterine bleeding at irregular 
intervals but the tumor is not known to 
produce any could be 
held accountable for this symptom. In 


) cases reported in the literature, a Bren- 


hormones. which 


ner tumor complicated pregnancy. Asci- 
tes is produced occasionally. In 1 case 


iydrothorax completed the picture of 
One should never for- 
et that certain benign ovarian tumors 


an imitate malignancy in this way. A 


leigs’ syndrome. 


irgical diagnosis on macroscopic exam- 
iation of the specimen is rarely possible, 
it the general gross characteristics of 
Brenner tumor are those of a benign neo- 
asm. Microscopically, the chief danger 
in mistaking Brenner tumor for primary 
metastatic epithelioma. The predomi- 
nantly fibrous nature of the growth, the 
complete absence of mitosis and the pecu- 
liar combinations of islands of squamous 
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cells showing central transitions to colum- 
nar elements are the salient points of 
diagnosis. 

In discussing the histogenesis of these 
tumors Danforth® that most 
authorities agree that they have as their 
anlagen the cell rests described by Wal- 
thard. 


believes 


[n addition, the occasional finding 
of Brenner tumors in the walls of pseudo- 
mucinous cystadenomas of the ovary, and 
the more frequent finding of pseudomucin- 
ous epithelium in Brenner tumors and 
Walthard rests, have been cited as indica- 
tions that at least a portion of the pseudo- 
mucinous cystadenomas may have their 
origin in Brenner tumors. If these infer- 
ences are true, one might expect to find 
certain cytologic as well as architectural 
The 
Walthard rest is a small collection of cells 
which may be found in the cortex or hilus 
of the ovary, or beneath the serosa or 
within the mesosalpinx of the fallopian 
tube. 


features common to all 3 structures. 


The rests are of 2 types, the solid 
and the cystic. In the cystic type the 
central portion of the rest is occupied by 
a clear space which is said to contain 
mucin or pseudomucin, colloid, or mixed 
material. The cystic cavity is ordinarily 
lined by from 1 to 10 or more layers of 
cells. The origin of the Walthard rests is 
obscure. They are stated variously to 
arise from the celomic epithelium of the 
developing embryo, from an inflammatory 
reaction of the peritoneum, from the germ- 
inal epithelium and from numerous other 
structures. The first named is probably 
most widely accepted. With an oil im- 
mersion lens, the most striking feature of 
the cells is the nucleus, which is not 
simply round or ovoid, as it has been de- 
scribed, but in addition is seen to be marked 
or “tagged” in a specific manner. This 
marking consists of a tiny groove or fold 
which traverses the long axis of the nucleus 
in such a manner as to remind one of a 
coffee bean, or a kernel of puffed wheat. 
In many of the rests this characteristic 
marking is present in approximately 9 of 
10 nuclei, being evident as a straight, bold 
line through the long axis, dividing the 
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nucleus into 2 almost equal halves. As the tumor. The tumor has been observed 
nearly as can be ascertained, this basic at various ages from 3 to 65. The tumor 


pattern is characteristic of one of the flat 
surfaces of a healthy, non-degenerate nu- 
the 


material is seen to be very finely granular 


cleus In these instances nuclear 


and to contain, generally, 1 or 2 nucleoli. 
When 2 nucleoli are present 1 usually ap- 
either 


pears upon side of the dividing 
eroove Walthard rests and Brenner 
tumors bear a strong resemblance to one 


another, not only in intrinsic architecture, 
but also, and more especially, in nuclear 
deta The basic nuclear type of each 
is readily identifiable by the presence of 
The deviations 
This 


nuclear peculiarity is sufficiently constant 


a median groove or fold. 


from this basie type are described. 


regarded as a fundamental charac- 
both the Walthard 


the Brenner tumor. Furthermore, its pres- 


to be 


teristic of rest and 
ence in structures appears to strengthen 
the hypothesis that they may be derived 
from the 
the basi 


ame tissue. The presence of 
nuclear type in many pseudo- 
mucinous cystadenomas is of interest in 
that a 


proportion of these tumors may be deriv- 


considering the possibility small 
ed from Brenner cell rests. 

ADRENAL Rest Tumor. This rare type 
of tumor is frequently but not always 
Greene 
and Lapp® call attention to the fact that 
the 


have a 


associated with masculinization. 


embry ol gically ovaries, testes and 


adrenal cortex common origin, 
being derived from the celomic epithelium 
of the urogenital foid. This urogenital fold 
in later embryonic life divides to form the 
It is not 


without possibility, therefore, that mis- 


adrenal cortex and the gonads. 


placement of the cells occasionally occurs 
in the ovary from the neighboring adrenal 
anlage. The mere presence of adrenal tis- 
sue in an aberrant site does not necessarily 
mean that the clinical signs of masculin- 
The ten- 
tissue to 
doubted, 
From the recorded cases, no 


ization will always be present. 


dency for aberrant adrenal 
become neoplastic cannot be 
however 
correlation appears to exist between the 


age of the patient and the occurrence of 


is generally unilateral, varying in size from 


several millimeters to 3 or 4 em., oceca- 


sionally slightly larger. It is most often 
noted in the hilar region of the ovary, 
although it may involve the whole ovary 
by contiguity. It is a solid tumor, often 
encapsulated, rarely becoming cystic, oc- 
hem- 
The 
The 


tumor is generally of soft consistency, and 


casionally showing small areas of 
orrhage and necrosis on cut surface. 


external surface is usually smooth. 


has a characteristic yellow color, resem- 
the adrenal. It 
is probable that most of these tumors are 


bling closely its analogue, 


benign, as is true of comparable lesions of 
the adrenal. Excision of the tumor fre- 
quently produces moderate to complete 


The 


voice changes, however, usually are per- 


regression of all signs and symptoms. 
If the hirsutism does not dis- 
the 
cortical tissue in other 


manent. 
appear postoperatively, presence of 
additional adrenal 
aberrant locations is a possibility. It is 
interesting to note the sex hormone pro- 
duced by the adrenal rest cell produces 
sex characteristics and changes not of the 
same but of the opposite sex. In the 
male, the adrenal rest tumor is known to 
produce a female type of adiposity, breast 
hypertrophy, at times with lactation, 
testicular atrophy and loss of libido. 

In reviewing 1 case of their own an 
13 cases of this type reported in the litera 
ture, Kepler, Dockerty and Priestley 
that 


14 cases and 


found hirsutism was present in al 


varied in duration from 9 
months to 13 years. A masculine patter 
of distribution of hair usually was note 
This was emphasized in 4 instances by a 
observed recession of the hairline along 
the forehead, with the notation that tl 

10 of 


the 14 cases the habitus was described 


patients were partially bald. In 


being of masculine type with pronounce: 
development of the muscles of the should 
girdle. In 8 of the 14 cases there was a 
definite and sometimes pronounced gain 
in body weight. Moreover, in the major- 


ity of the observed instances the obesity 
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was more or less localized to the face, 
Blood 
pressure readings were recorded in 6 of 
the 12 that 
recently. In 4 of these cases, hyperten- 


cervical region and pectoral girdle. 


cases were reported more 
sion was present with systolic pressures 
in excess of 140 mm. or diastolic pressures 
In the 
case they reported, postoperative readings 


of more than 90 mm. of mercury. 


of the arterial blood pressure indicated 
au moderate drop in both systolic and dias- 
tolic pressures from distinctly high pre- 
operative levels. This finding indicates 
that in some way the ovarian tumor was 
responsible for the observed arterial hyper- 
tension. Diabetes or a diabetic tendency 
was of relatively frequent occurrence. 
Hematologic observations suggesting poly- 
cythemia vera were unusually common in 
this group. Size has varied from nodules 
of microscopic dimensions to masses meas- 
uring 16x 14x9 em. The tumors were 
for the most part yellowish in color and 
encapsulation was the rule in practically 
all recorded instances. Microscopicalls , 
the tumors were composed of large, pale, 
polyhedral, epithelial-like cells disposed in 
cords and anastomosing strands. Large 
imounts of intracellular lipoid material 
were noted in nearly all cases and intercell- 
ilar glycogen was occasionally found to be 
resent. Like arrhenoblastomas, the adre- 
al-like ovarian tumors tend to masculin- 
e their hosts but the tendency toward the 
roduction of a bizarre type of fat distribu- 
on, the occurrence of purplish. striz, 
terial hypertension, polycythemia, etc., 
late them more closely to adrenal corti- 
| carcinomas from a functioning stand- 
nt. Histologically, the tumors do not 
pear to arise through luteinization of 
eéxisting granulosa cell neoplasms and 
origin from adrenal cortical rests seems 
re logical than does a derivation from 
‘pora lutea. An origin by way of terato- 
tous development likewise remains un- 
proved. Some of the tumors appear to 
cytologically malignant and in 1 in- 
stince death resulted from metastasis. 
rruMA Ovaru. The presence of thy- 
rod tissue in an ovarian tumor is not 
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Gusberg and Danforth’® have 
found only 8 cases over a 20 year period 


common. 


at the Sloane Hospital, representing 2.7 % 
of 297 ovarian teratomata of all types. 


Of the 8 cases which they report, 7 pre- 
sented the usual array of clinical symp- 
toms and signs which ordinarily accom- 
pany benign ovarian tumors; intermittent 
abdominal pain, painless pelvic or abdom- 
inal and, in 1 instance, acute 
abdominal pain due to torsion of the 
pedicle. 


masses, 


In these cases, the presence of 
thyroid tissue is of pathologic interest only. 
The cystic tumors were generally multi- 
locular, and 3 of the 7 contained epider- 
moid elements characteristic of the ordi- 
nary dermoid cyst. Microscopically, none 
of these cases showed evidence of hyper- 
plastic changes in the thyroid tissue. The 
eighth case, however, presented a symp- 
tom complex of an unusual nature, the 
diagnostic and therapeutic implications of 
which are deemed significant. In_ this 
case a huge struma colli, a large struma 
ovarii and evident 
coéxistent. It is 


thyrotoxicosis were 
unfortunate that the 
possibility of ovarian struma was not con- 
sidered and the preliminary work-up car- 
ried out with this in mind. That struma 
ovarii is capable of producing or at least 
contributing to thyrotoxicosis, is estab- 
lished. It is this ability which distin- 
guished the ovarian struma among all 
ovarian neoplasms, and removed it from 
the category of the simple pathologic curi- 
osity. It should be emphasized that cases 
of functioning ovarian struma may easily 
escape diagnosis, either through failure 
to appreciate mild hyperthyroid symp- 
toms, or through chance avoidance of 
thyroid tissue in the sectioning of large 
teratomata. It is of interest 
that in most of the cases in which such 


ovarian 


data are available, the ovarian sections 
have failed to show the presumed micro- 
scopic stigmata of hyperthyroidism, de- 
spite amelioration of symptoms by removal 
of the tumor. It would appear reasonable 
to consider the ovarian struma as a func- 
tioning part of the total thyroid tissue of 
the body, which may react to iodine lack, 
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to the thy rotropic hormone, or to other 
stimuli in a manner similar to that of the 
thy roid gland itself. If this hypothesis is 
tenable, one might then consider the re- 
moval of an ovarian struma as tantamount 
to subtotal ablation of the thyroid gland. 
these 
that, 


although encountered in other organs and 


TeraroMa. In reporting 1 of 


interesting tumors, Curtis‘ states 


tissues of the body, teratoma is predomi- 


nantly an ovarian tumor and it is here 
that it is found in most developed and 
characteristic form. It is usually a com- 

lid 
SOL, 


composed of tissues which are frequently 


pact, rapidly growing neoplasm 
wholly undifferentiated, corresponding to 
various stages of fetal development and 
revealing only isolated tendency to more 
completely developed organ-like forma- 
tion. The material entering into the struc 

ture of dermoids and teratoma is the same, 
all 3 germinal layers represented in both; 
the differences lie apparently in the tissue 
that 
are comprised of mature tissues whereas 


of origin and in the fact dermoids 
a teratoma consists of embryonal elements. 
The creat characteristic of teratoma is the 
There 


is topographic confusion. Opinions differ 


loss of proportion in its structure. 


in judgment of the malignancy of terat- 
oma; it is a growth characterized by 
capacity for great proliferation, not as- 
cribable to carcinomatous or sarcomatous 
degeneration but an inherent property of 
the cells which constitute it. Therefore, 
it is to be regarded as potentially malig- 
nant in all cases, unquestionably malignant 
The tumor is usually 
nodular or lobulated, often with project- 


in most instances. 


ing cysts, of astonishingly large size for 
so malignant a neoplasm (due to rapid 
growth?), often the size of a man’s head. 
It may be spherical, ovoid or of ovarian 
shape, is usually pedunculated, of varied 
color—gray, yellow, red, blue, brown. 
The consistency is usually soft, but many 
A capsule is usually present 


are firm. 


but may not be clearly defined. Perfora- 
tion of the capsule is frequent, but by no 
Microscopically, the pic- 


means usual. 


The tissues are 


ture is that of chaos. 
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mostly fetal in character, but not entirely 
It is characteristic for 
tissues to lie immedi- 


and invariably so. 
well-differentiated 
ately adjacent to lawless and wild areas 
of potentially or definitely malignant ep- 
ithelial, endothelial, or sarcomatous pat- 
tern. Teratoma is a tumor of childhood and 
early maturity, mostly before the age of 35. 
Not more than 5 recorded Cases have been 
found after the menopause. The etiology 
remains unsolved. The growth must be 
derived from a cell that can produce all 
Only 2 


origin are prevalent: that isolated blasto- 


3 embryonic layers. theories of 
meres are the source of these trigerminal 
growths or that they arise from primitive 
unfertilized ova. 

In presenting 32 collected cases, in 
which the outcome is known, including 
2 cases of his own, Smeltzer® found that 
21 (65°) are dead while the other 35°% 
from 1 to 10 
was noted that the tumors were practi- 


have survived years. It 
cally always pedunculated and the surgical 
treatment carried out was simple excision 
of the pedunculated tumor or adnexa o1 
that side. 
tumor and death 


The high rate of recurrence of 
indicates that a mor 
extensive surgical procedure is indicated 
These tumors are usually well encapsu- 
lated. 
pedicle; seldom is there any more thar 
the 


There is ordinarily a well-formed 


very fine adhesions to surrounding 


organs. The findings of extension or gross 
metastasis is rare at the time of the first 
operation. To all appearances when the 
abdomen is first opened the operator is 
dealing with a benign tumor, or at least 
one of very low malignancy. These ob- 
servations, added to the fact that the 
patient is young, make it very difficult to 
proceed with radical surgery. The pedun- 
culated tumor recurs at the site of the 
original lesion. Later it spreads from this 
area by extension as well as metastasis. 
However, metastasis seems to be a late 
manifestation. This observation further 
emphasizes the need for wider excision at 
the time of removal of the primary growth. 
The effect of Roentgen ray therapy upon 
this type of tumor is debatable. These 
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cases should be given Roentgen ray in 
therapeutic amounts immediately after 
the primary operation. How effective 
en ray will be in preventing a re- 
currence he does not know but he does 
not believe it is beneficial after recurrences 
are present. 


Roent 


He believes that more em- 
phasis should be placed upon a wider 
This 


means removal of all the pelvic viscera 


excision of the original growth. 


as widely as the operator’s experience 


allows him to dissect. The operation 
should then be followed by Roentgen ray 
in the amount compatible with the pa- 
Girls with teratoma 


should be treated in a manner similar to 


tient’s age and size. 


adult women with carcinoma of the ovary. 

CarcinoMa. All are agreed that one 
of the most effective weapons we have 
against any cancer is prevention or at 
Ova- 
‘silent”’ in its 
early stages and we all have had the ex- 
perience of Crossen*® who states that pa- 


least early detection and removal. 


rian cancer is notoriously 


tient after patient is seen with an extensive 
growth of long duration but with only a 
short period of local symptoms. The first 
visit to the physician shows a large advanc- 
ing carcinoma causing only such minor 
that the patient hardly 
notices them. Thinking back, when ques- 
tioned, she recalls that the abdomen has 


disturbances 


been a little larger for a year or so or that 
there was bloating or some frequency of 
urination, but only in the last few weeks 
was there enough disturbance to make 
her feel that perhaps an examination was 
advisable. 
tribution the physician can make toward 
the lessening of these fatalities is the 
practical application in his daily work of 
2 rules: (1) removal of the involuting 
varies whenever the abdomen is opened 
it any age and under circumstances which 


He believes the greatest con- 


ermit such removal; (2) insistence on 
egular periodic pelvic examination of 
atients who ask us to assume responsi- 
lity in regard to their health. The meno- 
ause (complete cessation of menstruation) 
ccurs usually between the ages of 44 and 
7, with exceptions somewhat below and 


AND 
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above these limits. The climacteric (grad- 
ual involution of the ovaries) begins 2 or 
3 years before the menopause and extends 
some years after it. Though there is con- 
siderable individual variation as to age 
of onset of ovarian involution, a reason- 
able rule would be to apply this safety 
measure in all abdominal operations when 
the patient has reached the neighborhood 
of the age of 42. The involuting ovaries 
have fulfilled their reproductive and endo- 
crine functions. They are no longer an 
important part of the economy but vestig- 
ial structures which carry a special ten- 
and toward a par- 
ticularly dangerous form of cancer, in 
that it develops to an incurable stage 
without warning symptoms. The realiza- 
tion of the necessity of adopting this safety 


dency toward cancer 


measure has been obscured and delayed 
by the various arguments for retention of 
an ovary. 
excellent 


In the first place, there is the 
surgical rule to do no more 
operating than necessary—to remove no 
structure without a definite reason of 
sufficient importance to justify the addi- 
tional operative risk and any probable 
upset in physiology. Again, the great 
importance of the ovaries during the span 
of their physiologic activity projects about 
them a halo which tends to obscure the 
fact that they are only temporary organs 
that function certain 
period. Again, there is the desire to les- 
sen the hot flushes and other disturbances 
of ovarian cessation by preserving ovarian 
tissue even though it is funetioning only 
partially. Still again there is the natural 
desire of the patient that an ovary be 
saved if practicable. These are all valid 
arguments and have long influenced deci- 


cease to after a 


sions, but through careful observation and 
bitter experiences he has come to realize 
that the danger of cancer development in 
the involuting ovary outweighs all these 
arguments for leaving an ovary in an 
abdominal operation in the age of involu- 
In the period from 40 to 60 years 
of age pelvic examination is advisable 
every 6 months instead of once yearly, as 
may suffice before and after that period, 


tion. 
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Symptomless onset and symptomless pro- 
gress to incurability constitute the natural 
history of ovarian carcinoma. Earlier dis- 
S due to some incidental associated 


covery 


condition or toa pely ic check-up examina- 


tion. The aggregate of deaths from this 
cause is large, much larger than is gener- 


To the known 
must be added the unrecognized ones with 





a ly appreciated. cases 
death certificate designations of “ ascites’”’ 
abdominal cancer.” A large propor- 


the 


ard “ 
tion of abdominal 


The 


silent character of the onset and progress 


cases of general 


carcinosis originate in an ovary. 
of ovarian cancer seals the doom of pa- 
tients with this condition unless measures 
that are really effective against the serious 
difficulties of 


practice 


the situation are put into 

In reviewing the end-results in a series 
of 138 patients with ovarian carcinoma 
operated upon at Roosevelt Hospital in 


New \ ork, 


“absolute” 


Taylor and Greeley® found 
an 5 year cure rate of 15.2%, 
when all cases are considered and the lost 
dead. It is 


recognized that the gross extent of the 


cases are counted as well 
ovarian carcinoma at the time the opera- 
undertaken is the most important 
If one 


defines an operable case as one in which 


tion is 


single consideration in prognosis. 


all cancer was apparently removed, the 
The 
known cures in this operable group were 
45.5 


for 


operability of this series was 31. 


while if the many cases untraced 


the necessary 5 years, but free of 


disease when last seen, be excluded, the 
5 year cure rate in the operable group be- 
comes 58.8 The other side of the pic- 
ture is as gloomy as this is encouraging, 
for of the 94 cases in which malignant 
tissue was left behind at the conclusion 
of the operation or which was recurrent, 
only 2 have survived the 5 year period. 
The cancers of the ovary are distinguished 
by the diversity of their cells of origin, 
and evidence has been presented in the 
that the 


special types, such as the granulosa cell 


literature to show certain of 


tumors and dysgerminomas, have a rela- 


tively favorable prognosis. The grade of 
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malignancy in ovarian cancer is of enor- 
The classi- 


fication of SS cases of ovarian adenocarci 


mous prognostic significance. 


=.) 
among 02 


noma indicates only 2 cures 
undifferentiated types, whereas among 36 
so-called Grade 1 cases there were 12 cure 

In a series of cystadenomas and adeno- 
carcinomas of the ovary, the morphologic 
transition from the benign to the malig- 
nant takes place almost imperceptibly 

No pathologist has had the experience to 
Differ- 


ence of opinion as to what hi stologic fea- 


place ihe line of division exactly. 
tures justify the classification of some of 


these borderline tumors as benign = or 
malignant is probably the most important 
variable governing the reported figures on 
A slight change 


the morphologic criteria 


cures of ovarian cancer 
in conception of 
of malignancy in the cystic tumors of the 
ovary appears to them largely to explain 
the change in their own figures from the 
8.3 cure rate of their 1934 report to the 
15.2 the article. It 
does not appear that radiation, as given 


noted in present 
at the Roosevelt Hospital, has materially 
affected the average duration of life in 
cases of ovarian cancer. 

The seriousness of ovarian malignancy 
has been given considerable thought by 
Goodall’ who feels that there is no clinical 
criterion by which one can distinguish a 


non-malignant from a malignant ovarian 


growth. Especially is this true while the 
growth is still limited to the 
Yet this is the 


only period in which malignancy can be 


malignant 
ovary and encapsulated. 
dealt with satisfactorily. Ovarian new 
growths are unfortunately singularly free 
the 
cycles and characters are seldom disturbed 
The advent of pain, or of free fluid in th 


from symptoms. Even menstrua 


abdomen are too often the heralds of in- 
eradicable extensions. When upon open- 
the the 
definite peritoneal involvement, he knows 
be laid down 


Only experience c: 


ing abdomen, case presents 


of no rule which can 
guide the surgeon. 
be a safe judge. In these circumstan 
both ovaries are generally involved, o1 
higher up, and the other bound down | 
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peritoneal extensions in the pouch of 
Douglas. When, however, the ovarian 
growths can be removed without too 
much risk, even at the expense of con- 
siderable difficulty, it is thought that the 
period of life is lengthened. This is a 
debatable point, for no one can state what 
the tempo of that tumor was_ before 
operation, and what will be its rate of 
growth afterward. When the case is 
operable it is his policy to remove both 
ovaries whenever there is undoubted 
malignancy of one of them. This is not so 
radical a procedure as one might suspect. 
Most of these patients are in their late 
thirties or older, and spaying, as a rule, 
does not involve any grave consequences. 
It would seem that deep Roentgen ray 
application should find in malignant ova- 
rian disease a field of great usefulness, but 
he has found deep Roentgen ray therapy 
singularly inefficient in the cure or allevia- 
tion of cases of peritoneal involvement. 
It is his conviction thet Roentgen rays 
not only do not improve, but have almost 
nvariably broken down the patient’s 
health and hastened death. He concludes 
that the only hope for a patient suffering 
from incipient malignancy of the ovaries 
es in early extirpation, before the disease 
has spread beyond the confines of the 
ovary. This will necessitate exploratory 
yperation upon any suspicious tumor of 
the ovaries. Our attitude toward ovarian 
ewgrowths must be somewhat akin to 
le position we adopt toward tumors of 
he breast. 
A somewhat more optimistic note as to 
e value of Roentgen therapy is expressed 
Walter, Bachman and Harris?” who 
ive reviewed the literature on postopera- 
e radiation therapy of ovarian carci- 
ma and present 124 additional cases 
‘ated by surgery alone or by surgery 
d postoperative radiation. They believe 
it failure to classify the cases according 
stage of progression has made evalua- 
n of the early results of therapy difficult. 
ie classification they employ groups the 
es into 4 stages: (1) a primary unilat- 
| and completely removable tumor with 
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no visible metastases, (2) the presence of 
local metastases which are completely re- 
movable with the primary tumor, (3) the 
presence of local metastases which are only 
partially removable with the primary tu- 
mor, and (4) cases with advanced carcino- 
matosis peritonei for which exploratory 
celiotomy or removal of large tumor 
masses are diagnostic and palliative meas- 
ures. In Stage 1 and 2 cases reported 
in the literature the supplementary use of 
radiation therapy did not significantly al- 
ter the five year survival rate, but the in- 
creased number of five year survivals of 
Stage 3 cases in the irradiated group ap- 
pears to be of statistical significance. The 
prognosis in Stage 4 is extremely grave. 
Further value of Roentgen therapy is 
suggested by Parks** who reports 3 cases 
of papillary cystadenocarcinoma of the 
ovary, inoperable because of massive infil- 
tration into the surrounding structures, 
which were apparently made operable by 
deep Roentgen ray therapy. In all 3 cases 
the neoplasm was limited to the abdom- 
inal cavity. The Roentgen ray profoundly 
affected the gross appearance of the 
tumors, but caused very little change in 
the microscopic picture. Two of the pa- 
tients are alive after 8 and 12 years, 
respectively; the third succumbed after 
5 years of an apparently unrelated carci- 
noma. Deep Roentgen ray therapy in the 
3 cases reported caused the papillary ex- 
crescences and transplants to shrink and 
the entire mass to diminish in size, thus 
making operation easier. This study indi- 
cates that it is unwise to persist in doing 
a difficult primary operation. In some 
cases of massive infiltration, it may be 
safer to take a biopsy, close the abdomen, 
give deep Roentgen ray and perform a 
second operation at a later time. 
ADENOACANTHOMA. A rare type of can- 
cer, composed of both glandular and 
squamous elements is termed adenoacan- 
thoma. In reporting 2 such lesions in the 
ovary, Melody, Faulkner and Stone* 
were unable to find another instance of 
primary adenoacanthoma of the ovary in 
the literature. They state that the histo- 
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genesis of this type of lesion is much dis- berg. He stated that the tumor was of 
puted. Some believe that the “epider- moderate size; it was nodular yet it pos- 
mization”’ seen in fundal adenoacanthoma sessed a smooth surface. Adhesions were 
is the result of metaplasia of the cylindri- usually absent in such cases but ascites 
cal to the squamous type of epithelium. was often found. The tumor was usually 
A study of cervical biopsy material reveals _ bilateral, usually solid, occasionally cystic 
the great frequency of metaplasia of | and the general form of the normal ovary 
the normal columnar to the squamous type was usually maintained. The cut surface 
of epithelium, in inflammatory lesions of had a myxomatous appearance. Micro- 
the cervix uteri. Moreover, it is recog-  scopically, Krukenberg described “signet- 
nized that the geriainal epithelium cover- ring” cells surrounded by a fibrous stroma. 
ing hich are involved in chronic He recognized the picture as one of un- 
pr 1Oritis O¢ onally does undergo doubted malignancy and considered the 
quamous metaplisia. Then, there is the lesion as primary in the ovaries. How- 
condition known as cystic fibrosis of the ever, there is as yet no general agreement 
pancre n which, due to the impaired ab- as to what constitutes a Kruke iberg tu- 
sorption of soluble vitamin A, there is mor; as to how metastasis occurs; as to 
a pronounced squamous metaplasia of the whether a primary ovarian carcinoma may 
bronch ucosa. It would appear, there- be impossible to distinguish from a Kruk- 
fore, tl jual metaplasia is really enberg tumor; as to whether the metasta- 
of rather frequent occurrence in a wide _ sis is in any way selective; or on how the 
variety of pathologic processes, running lesion should be treated. They feel that 
the gamut from chronic inflammatory these tumors should be described, like 
lesions, and a vitamin deficiency state, other metastatic tumors, merely as metas- 


to frank neoplasm It seems entirely 
that the 


n the ovarian adeno- 


tenable, therefore, to assume 
squamous element 
acanthomas are the result of the ubiqui- 
tous process of metaplasia. Another plaus- 
ible hypothesis for the presence of squa- 
mous epithelium in ovarian carcinoma is 
the supposition that such may result from 
Walthard’s islands which are thought to 
result from the “invaginations of celomic 
epithelium.” The manifold possibilities 
of celomic epithelium on differentiation 
are well known. It well may be that the 
origin of the squamous elements in ova- 
rian acanthoma is identical with the gen- 
erally accepted theory of histogenesis of 
Brenner tumor, viz., Walthard’s cell rests. 
The authors, however, incline to the view 
that the squamatization seen in the tumors 
described is the result of metaplasia. 
KRUKENBERG Tumor. In presenting a 
study of 44 cases of Krukenberg tumors 
from the Mayo Clinic, Leffel, Masson and 
Dockerty'® state that most workers agree 
on the fact that this is usually a secondary 
tumor and no description of it has sur- 


passed that originally given by Kruken- 


tatic carcinoma of the ovary. Realizing, 
that the “ Krukenberg’s 
will continue to flourish in medi- 


however, term 
tumor”’ 
cal literature, they contend that it should 
include all metastatic adenocarcinomata 
of the ovary. There is no real difference 


between metastatic adenocarcinoma of 
the ovary and metastatic adeno- “ colloid” 
carcinoma of the ovary, save for the pres- 
However, if 


this difference were overlooked, not even 


ence of mucus in the latter. 
the remotest reason would ever exist to 
the 

Metastasis 


use term “Krukenberg’s tumor.’ 


may occur in 4 ways: (1 


spread by peritoneal sedimentation, (2 
spread by lymphatic channels which must 
include retrograde spread, (3) extensio! 
by continuity, and (4) spread by way o 
The treatment of thi 
tumor depends on many factors, chief o 


the blood stream. 


which are the patient’s general conditio 
and the extent of the growth. 
patient who is a poor surgical risk or on 


Given 


showing evidence of extensive metastasis 
surgical treatment is contraindicated, sa\ 
for the relief of an obstruction of th 


gastro-intestinal tract. Given a patien 
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who is a good surgical risk without exten- 
sive carcinomatosis, the uterus, tubes and 
ovaries should be removed. This pro- 
cedure is justified for 3 reasons: (1) the 
pathologist’s diagnosis may be wrong, (2) 
the remaining days or months which the 
patient has to live will be more comfort- 
able without the presence of a huge pelvic 
mass and abundant ascites, (3) the increased 
mortality and morbidity associated with 
this procedure are not great enough to 
warrant not attempting to give the patient 
the comfort that would result from such 
a procedure. Circumstances may justify 
leaving the uterus intact but an appar- 
ently atrophic ovary should never be left 
intact. Every surgeon cannot have a 
pathologist at his side, particularly one 
who is experienced with the diagnosis of 
fresh tissue. A good general rule, in this 
case, is to remove both ovaries when a 
solid tumor is found involving either one, 
particularly if the patient is past or near 
the menopause. The treatment of the 
primary lesion usually depends upon the 
site. All things being equal, the surgeon 
is justified in being more radical when the 
primary lesion is in the colon than when 
it is elsewhere, because of the frequent 
relatively low grade of these lesions. 
Fisnoma. Although ovarian fibroma 
is a benign lesion, it is the second most 
common solid tumor of the ovary. In a 
study of 283 cases from the records of 
the Mayo Clinic, Dockerty and Masson’ 
never found a fibroma before puberty, 
which they believe indicates an origin pos- 
sibly based on a desmoplastic reaction to 
the hemorrhage of ovulation or ovarian 
endometriosis. Fibroma did not produce 
any specific diagnostic symptoms and 
rarely was it possible for the clinician to 
go further than to diagnose an ovarian 
tumor. Abdominal ascites (51 cases) and 
hydrothorax (2 cases—syndrome of Meigs) 
suggested the existence of a malignant 
process but the patients never presented 
the picture of cachexia. The complica- 
tions of these tumors were chiefly those 
issociated with twisting of the pedicle of 
he tumor—a phenomenon which rarely 
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occurred until the tumor outgrew the con- 
fines of the true pelvis. Pathologically, 
most of the tumors were solid throughout, 
white and usually invested by a smooth 
capsule free from adhesions. Many of 
the tumors were edematous and a num- 
ber of these had undergone degenerative 
changes with central cysts or “ geodes.”’ 
The common denominator relating to both 
ascites and formation of cysts was a weep- 
ing edema effected through partial ob- 
struction of the venous return. In 90% 
of cases the tumor was unilateral. Bilat- 
eral fibroma-like tumors sometimes proved 
to be metastatic tumors of the Kruken- 
berg type with the primary neoplasm 
most frequently in the stomach. A yel- 
lowish color suggested theca cell tumor, 
especially in cases in which the uterus was 
large and postmenopausal bleeding was 
noted clinically. In others the yellow 
color resulted from fatty metamorphosis. 
A grayish brown color and firm consis- 
tency were noted in several tumors that 
later proved to be of the Brenner type. 
A brownish color and soft consistency in- 
dicated malignant change, which occurred 
in 1°% of the tumors studied. Degenera- 
tive changes, such as fatty, fibrous hya- 
line and calcareous, took positions of 
importance secondary to the phenomenon 
of intercellular edema, which correlated 
more universally than did gross edema and 
formation of cysts with the clinical pro- 
duction of ascites. 

In an effort to explain how fluid gets 
into the pleural cavity in some cases of 
ovarian fibroma (Meigs’ syndrome), some 
interesting studies were made by Meigs, 
Armstrong and Hamilton.” In 2 patients 
2 cc. of sterile India ink was injected in 
the abdomen, and chest taps performed 
later. In each instance the fluid in the 
chest showed the same coficentration of 
India ink as in the abdomen. That the 
India ink did not arrive in the pleural 
fluid by way of the blood stream was con- 
sidered established by study of the blood 
shortly after injection of the abdomen with 
India ink. In the 2 patients the blood 
showed no evidence of India ink in the 
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leukocytes on microscopic examination. 
This experiment is suggestive evidence 
that the abdominal fluid in these patients 
arrives in the chest by the same pathway 
as the India ink, or vce versa. The proba- 
bility is that the pathways are lymphatics, 
first 
under the diaphragm, thence to the supra- 


through the interstices of the cells 


diaphragmatic ly mphatics and thence into 
the chest The passage of particulate car- 
bon is of considerable interest when con- 
sidered with relevance to the mechanism 
of hydrothorax in conjunction with ascites 
in certain conditions other than Meigs’ 
syndrome. Statistical considerations en- 
hance this interest for Meigs’ syndrome is 
rare in comparison with ovarian fibromas 
with ascites alone. So, likewise is hydro- 
thorax and ascites rare in comparison with 
Laennec’s cirrhosis with ascites alone. It 
may be that hydrothorax is found in con- 
junction with ovarian fibroma or portal 
hypertension, in those few patients who 
also have sufficient congenital mechanical 


communication between peritoneum and 


MEDICAL 





SCIENC] 


pleura. Extension of this hypothesis leads 
to investigation of the possibility of such 
the 


more 


communication in conditions where 
of fluid both 


readily explicable, e. ., 


basis in cavities is 


cardiac decompen- 


sation and metastatic carcinoma. Initial 


experiments in this investigation have 
been completed. In 2 patients, 1 with 


carcinomatosis, the other with Laennec’s 
cirrhosis, particulate carbon injected into 
the pleural fluid failed to attain the perito- 
At first glance, 


this result might be taken to indicate that 


neal fluid within 24 hours. 


no communication exists in these instances 
9 


However, it should be noted that in 2 cases 
of Meigs’ syndrome, only communication 
not from chest to 
It re- 


mains for joint investigation by thoracic 


from abdomen to chest, 
abdomen, has been demonstrated. 


surgeons and others to demonstrate the 
presence of diaphragmatic perforations of 
small or large size, the presence of the 
rarely reported pleuroperitoneal tubes, and 
to determine the direction and degree of 
penetrability of diaphragmatic lymphatics 
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THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 


SESSION OF OCTOBER 15, 1946 


Postburn Azotemia, Its Significance as 
Criterion of the Severity of Thermal In- 
jury and of the Efficacy of Fluid Therapy. 
Orro RosentHat, M.D., and Mires D. 
MecCartuy, Pa.D. (Harrison Dept. of 
Surg. Res., Univ. of Penna.). Non-protein 
nitrogen, urea nitrogen and amino nitro- 
gen were determined in the plasma of 
rats subjected to standard burns of known 
lethality (M. D. McCarthy, J. Lab. and 
Clin. Med., 30, 1027, 1945). The differ- 
ence between non-protein nitrogen and 
the sum of urea and amino nitrogen was 
designated as undetermined nitrogen. 

Following the scalding, 1 group of rats 
received no treatment while others were 
transfused with physiological saline solu- 
tion, normal rat plasma, human albumin 
or gelatin. 

The increases in the undetermined nitro- 
gen and amino nitrogen of plasma reflected 
the severity of burn whereas the urea 
levels did not. The proportionally largest 
increase occurred in the undetermined 
nitrogen fraction, the levels of which fur- 
nished a sensitive criterion of the severity 
of burn. This finding is in accord with 
the experience in man (J. Walker, Jr., 
Am. J. Men. Sct., 209, 413, 1945). 

The degree of permanent reduction of 
the increased amino nitrogen and espe- 
cially of the undetermined nitrogen levels 
of plasma provided an index of the efficacy 
of fluid replacement therapy, whereas the 
response of the urea nitrogen levels was 
too slow and too irregular to be of use 
for this purpose. 

The effectiveness of fluid replacement 
therapy in permanently reducing the ele- 

ated undetermined nitrogen levels was 
10t clearly related to the relief of hemo- 
oncentration. It is suggested that a re- 
ewed rise of the undetermined plasma 
itrogen levels in spite of nearly normal 





hematocrit values an indication of a 
returning tissue anoxia due to a diminu- 
tion of the actively circulating rather than 
of the total blood volume. 


Cerebral Blood Flow and Metabolism 
in Patients With Increased Intracranial 
Pressure. Henry A. SHENKIN, M.D., 
Seymour S. Kety, M.D., Franec:s C. 
Grant, M.D., and Cart F. Scumiprt, 
M.D. (Depts. of Pharmacol. and Neuro- 
surg., Univ. of Penna.). Observations on 
the cerebral blood flow utilizing the nitrous 
oxide method of Kety and Schmidt, cere- 
bral metabolism, cerebrospinal fluid pres- 
sure and blood gas concentrations were 
made on 12 patients, 9 of whom had in- 
creased intracranial pressure. 

A reduction in cerebral blood flow is 
well correlated with increased intracranial 
pressure due to brain tumor. The average 
cerebral blood flow in the 9 patients with 
increased intracranial pressure was 52.7 ce. 
per 100 gm. of brain per minute. The 
normal cerebral blood flow has been found 
to be an average of 70 ec./100 gm./min. 
determined by the same technique. 

Cerebral oxygen consumption was de- 
creased by increased intracranial pressure 
but was not correlated to the degree of 
increased pressure. The average oxygen 
consumption of patients with increased 
intracranial pressure was 3.7 ec./100 gm./ 
min., as compared with an average normal 
of 4.3 cc./100 gm./min. Alteration in the 
states of consciousness of the patients 
seemed better related to the decrease in 
cerebral metabolic activity than to the 
decrease in cerebral blood flow. 

The mean arterial blood pressure (aver. 
115 mm. of mercury) was unequivocally 
increased in all patients in this series with 
increased intracranial pressure and cor- 
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related well with the decrease in cerebral 
blood flow. 

In those patients with high increased 
intracranial pressure and markedly re- 
duced cerebral blood flow, rapid reduction 
of the increased intracranial pressure by 
ventricular drainage or 50% glucose solu- 
tion given intravenously did not improve 
the cerebral blood flow. Jn patients with 
moderately increased intracranial pressure 
and moderately decreased cerebral blood 
flow, 150 ce. of 50% glucose solution given 
intravenously markedly increased cerebral 
blood flow. 
been applied, as yet, to patients in the 


Ventricular drainage has not 


latter situation. 


Biological Precursors of Uric Acid Car- 
bon. JoHN C. SonNE and Joun M. 
BucHANAN, Pu.D. (Dept. of Physiol. 
Chem., Univ. of Penna.). A study of the 
biological precursors of uric acid carbon 
has been made by administering to pigeons 
compounds labeled with C™ (7. e., isotopic 
NaHCOs, carboxyl-labeled acetate, lactate 
and glycine and lactate labeled in the a 
or 6 positions). Uric acid was isolated 
from the excreta, purified and degraded 
by chemical methods in such a manner 
that each of its 5 carbon atoms could be 
It was found that 
carbon 6 of uric 


obtained separately. 
CO, is the precursor of 
acid; the carboxyl carbon of acetate is the 
precursor of carbons 2 and 8; and the 
carboxyl carbon of glycine is the pre- 
cursor of carbon 4. 
of lactate were also incorporated into uric 
acid but in a smaller order of magnitude 
than the carbons of COs, acetate and gly- 
cine. Carbons 4 and 5 of uric acid were 
derived from the carboxyl and a (or 8) 
carbons of lactate respectively. It is 
thought that glycine may be formed from 
lactate by reactions similar to the conver- 
sion of serine to glycine (D. Shemin, J. 
Biol. Chem., 162, 297, 1946). 

In a supplementary experiment it was 
shown that the carboxyl carbon of acetate 
is not a direct precursor of urea carbon 


The carbon atoms 


in the rat. 
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From the data presented, the conclu- 
sions were drawn that glycine and acetate 
are not interconvertible in the metabolism 
of the pigeon and that the precursors of 
urea carbon in the rat and of ureide car- 
bon in the pigeon are different. 


Permeability Methods for the Recogni- 
tion of Abnormal Erythrocytes. M. H. 
Jacoss, Pu.D., W. J. Brown, M.D., 
Dorotuy R. Stewart, Px.D., and L. J. 
KIMMELMAN (Dept. of Physiol., Univ. of 
Penna.). In the usual clinical fragility 
test with hypotonic salt solutions condi- 
tions of osmotic equilibrium are observed. 
These are strongly influenced by pH, 
temperature and other factors, and require 
an inconveniently long time for their at- 
tainment. In the present method, which 
utilizes the characteristic permeability of 
erythrocytes to solutes such as glycerol 
and thiourea, osmotic hemolysis also oc- 
curs, but the attainment of an equilibrium 
condition is unnecessary, and a time of 
The 


results are also more reproducible and they 


> 


3 minutes usually suffices for a test. 


demonstrate abnormalities more clearly 


than do those obtained by the older 


method. 

The blood is collected without an anti- 
NaCl 
After suitable ad- 


coagulant in 0.9% buffered with 
phosphate at pH 7.4. 
justment of the opacity of the resulting 
suspension of erythrocytes, it is mixed 
with the hemolytic solution in such pro- 
portions that hemolysis takes place in one 
or the other of the following solutions: 
(1) 0.3 M glycerol, 3 parts; 0.9% NaCl, 
2 parts; or (2) 0.3 M thiourea, 4 parts 
0.9% NaCl, 1 part. The solution contain 
ing glycerol must be free from copper 
The course of hemolysis is preferably fol 
lowed by a photoelectric method whic 
yields a permanent photographic recor 


In 


hemolysis is stopped by osmotic means a 


for analysis. an alternative metho: 


selected points, and the hemoglobin pre 
the 


viously liberated by cells is the 
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measured. In a much simplified method 
the time required to reach a chosen degree 
of hemolysis is determined. 

When studied by any of these methods, 
normal blood shows certain relatively con- 
stant properties, and departures from the 
latter are easily recognized. Characteris- 


tic retardations of hemolysis have been 
found in primary pernicious anemia, sickle- 
cell anemia, obstructive jaundice, and ad- 
vanced carcinoma; equally characteristic 
accelerations have been obtained in hemo- 
lytic anemia and during the aging of 


bank blood. 
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SHOCK TREATMENTS AND OTHER SOMATIC 

PROCEDURES IN PsycuraTry. By LoTHaR 

B. Katrnowsky, M.D., Research Asso- 

ciate in Psychiatry, College of Physicians 

and Surgeons, Columbia University, and 

New York State Psychiatric Institute and 

Hospital; Assistant Neurologist, Neuro- 

logical Institute of New York; and Pau 

H. Hocu, M.D., Assistant Clinical Psy- 

chiatrist, New York State Psychiatric 

Institute and Hospital; Instructor in 

Psychiatry, College of Physicians and 

Surgeons, Columbia University. Fore- 

word by Notan D. C. Lewis, M.D. Pp, 

320. New York: Grune & Stratton, 1946, 

Price, $4.50. 

SHocK treatments have been employed for 
more than 10 years. The chapters are: 
Historical Developments; Insulin Shock 
Therapy; The Convulsive Therapies; Com- 
bined Insulin-Convulsive Treatment; Other 
Somatic Neurological Treatments and Their 
{elation to Shock Treatments; Prefrontal 
Lobotomy and Its Relationship to Shock 
Therapy; Theoretical Considerations. 

Insulin shock therapy has not fulfilled 
early expectations; small doses stimulate the 
appetite and it is a useful sedative. Metra- 
zol as a convulsive was extensively used 
for a time, but intravenous administration 
is difficult and frequent fractures a disadvan- 
tage. With electro-shock, the current is 
under full control and the effect is imme- 
diate. Sodium amytal affords sedation and 
removes inhibitions. Continuous sleep may 
be produced by the barbiturates with best 
results obtained in mild excitements. In- 
duction of malaria in paretics has long been 
in use; such residual symptoms as sometimes 
persist, may be cleared through shock ther- 
apy; possibly penicillin may prove the best 
agent with which to attack paresis. Re- 


frigeration therapy is dangerous and has 
been abandoned. When shock treatments 
fail, beneficial effects may be obtained 
through lobotomy in some schizophrenics, 
the psychoneuroses and less frequently in 
involutional depressions; this does not 
effect a cure, but symptoms may be relieved 
through removal of the emotional impact. 


ms Es 


EssENTIALS OF NEURO-PSYCHIATRY. By 
Davip O_kon. Pp. 310. Phila., Lea & 
Febiger, 1945. Price, $4.50. 

THe author has attempted, in a small 
volume, to cover the many clinical condi- 
tions which constitute the field of Psychiatry. 
He gives brief descriptions of the ordinarily 
accepted groups of mental and emotional 
disorders. He has devoted a full chapter 
to his own personal observations of the capil- 
lary bed and brings together his concepts 
of this experience in the mentally diseased. 

The book is well-written and interestingly 
illustrated. However, it seems to the Re- 
viewer that there is a marked disproportion 
in the material presented. The earlier chap- 
ters on genetics and other factors which the 
author feels are related to development of 
the personality would seem to be unneces- 
sary. Emphasis is often misplaced. For 
instance, the author dismisses the immense 
problem of homosexuality in 1 paragraph; 
yet, there are 6 pages on ‘“Transvestitism.” 
His remarks on onanism would not be 
acceptable to most schools of Psychiatry 
today. Similar misconceptions and dispro- 
portions occur throughout the book. 

Also, it seems to the Reviewer that the 
whole pattern of the book leads to confusion 
because of no definite integration of parts; 
its value to the medical student and to the 
men active in the field of Psychiatry would 
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be slight and I doubt if it would 
add very much to the general medical man’s 


3. &. 


seem to 


concepts of Neuropsychiatry. 


Motor DtsorpERsS IN Nervous DISEASES. 
By E. Herz and T. J. Putnam. Pp. 184. 
New York: King’s Crown Press, 1946. 


Price, $3.00. 


THE methods of visual teaching used by 
the Services during this War will have 
inevitable extension into civilian medical 


This little book is one illustra- 
tion of this trend, as it was prepared as a 
descriptive syllabus for “‘study, before and 
after viewing a projection of films’’ on the 
various disorders of the motor system. It 
is a description of disorders of gait, coérdina- 
tion, 


pedag oy 


reflexes and of the mechanisms con- 
cerned with eye movements and other dis- 
orders of function of the nervous system. 
It is illustrated from the films, in part. 
Needless to say, these are much less effec- 
tual than seeing them projected. A number 
f other diagrams of anatomic nature are 
included from various sources. 


The combi- 
nation of the book and films will undoubtedly 
provide an interesting introduction to motor 
disorders. G. G. 


AMBULATORY 
CANTOR, 


ProcroLtocy. By ALFrep J. 
M.D., Associate Proctologist, 
Kew Gardens General Hospital, Long 
Island, N. Y. With a Foreword by BrEav- 
MONT S. CORNELL, M.D., Editor, American 
Journal of Digestive Pp. 524; 
347 special drawings on 275 figures. New 

York: Hoeber, 1946. Price, $8.00. 

THE wide scope of this book stems from 
the author’s belief that proctology should 
include all colonic pathology and not simply 
anorectal lesions. The introductory chapters 
on clinical anatomy, diagnostic methods, 
anesthesia and preoperative and postopera- 
tive management deal entirely with ano- 
rectal disease. Subsequent sections, devoted 
to specific lesions of the anus and rectum, 
contain good discussions of etiology and 
pathology and practical and detailed descrip- 
tions of therapeutic operative procedure. 
The chapter on pruritus is particularly com- 
plete and features a favorable description 


Diseases. 


of the author’s special therapeutic procedure, 
tattooneurotomy. The remainder of the 
volume deals in detail with lesions invading 
the entire colon (colitis, venereal diseases, 


AND NOTICES 


diverticulitis, benign and malignant tumors 
Here again etiology 
and both 
therapy is presented. 
Numerous good illustrations are valuable 
adjuncts to the descriptions of the pathologic 


conditions and the operative techniques. 


and pathology are fully 


discussed medical and surgical 


This is a comprehensive and useful text 
for anyone interested in the diagnosis and 
treatment of diseases of 
and anus. 


the colon, rectum 


W. F. 


PHYSICAL CHEMISTRY FOR PREMEDICAL STU- 
DENTS. By JoHN Pace AMSDEN, Professor 
of Chemistry, Dartmouth College. Pp. 
998: 53 ills. New York and London: 
McGraw-Hill (International Chemical Ser- 


ies), 1946. Price, $3.50. 
THE author has written a short, well-or- 
ganized and readable elementary text on 


As the title suggests, 
the exposition of the subject is with a view 
towards the premedical 
students. There has been a need for properly 
oriented premedical students, 
not only in physical chemistry but in ele- 
mentary organic chemistry as well. 


physical chemistry. 


requirements of 


courses 


for 


From the present Reviewer's standpoint 
the volume is marred only by the continued 
use of time-worn “problems.’’ The solution 
of problems is essential in the understanding 
of applied physical chemistry; but the Re- 
viewer has failed to find cogent problems 
with a definite biologic bias. For example, 
the question is asked “At what temperature 
will benzene boil on top of this mountain”’ 
? How 
much more interesting and pertinent it would 
be not only for premedical students, but for 
all interested in aviation at high altitudes, 
etc., if this problem were redressed in a form 
to apply to the gas exchange of man. It is 
hoped that in a second edition of this little 
book, the text may more obviously 
directed towards the needs of premedical 
students by the choice of apt applications. 

D. D. 


(at reduced atmospheric pressure 


be 


ADVANCING Fronts iN Cuemistry. Vol. I. 
High Polymers. Edited by Sumner B. 
Twiss, Department of Chemistry, Wayne 
University. Pp. 196; liberally illustrated. 
New York: Reinhold, 1945. Price, $4.00. 
Tus short monograph, with papers by 

10 individual contributors, is the first of a 
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series of lectures sponsored by Wayne Uni- 
versity under the direction of N. E. Gordon. 
The “high polymers” to which the book 
is largely devoted are rubbers, plasties and 
fibers. These substances have very large 
molecular weights and possess high degrees 
of polymerization (7. e., are composed of 
some 150 to 10,000 units). Their growing 
importance in industry is generally recog- 
nized. However, it may be well to point out 
(as one of the contributors has done) that 
beyond the realm of commerce lie the tissues 
of plants and animals, and their component 
structures --proteins, nucleic acids, glycogen, 
starch and cellulose—are all polymeric. 
Thus, it is probable that the chemistry of 
high polymers will develop implications for 
the biologist and physician; one need merely 
cite the recent development of fibrin film. 
Among the problems dealt with is the 
phenomenon of aggregation. This is recog- 
nized to occur in proteins and glycogen. 
While biologie applications are only inciden- 
tal and but lightly touched in the presenta- 
tion, the monograph will make interesting 
reading to those concerned with the “ad- 
vancing fronts in chemistry.” D. D. 


REHABILITATION. Its Principles and Prac- 
tice. By Joun Etsete Davis, M.A., 
Sc.D., Veterans Administration Facility, 
Perry Point, Md. Pp. 264; 9 charts and 
6 tables. New York: Barnes, 1946. Price, 
$3.00. 

THROUGH the ravages of modern warfare, 
women and children of all ages as well as 
men now become its victims, with most of 
the neuroses continuing to develop for many 
vears after hostilities have ceased. The re- 
habilitation of those thus handicapped is 
admirably discussed in the following chap- 
ters: Effect of War and Depression; The 
Psychiatrie Approach; Types and Disease 
Entities; The Psychological Approach; Inter- 
est and Effort Theories; Elemental Princi- 
les of Mental, Nervous and Physical Recon- 
truction; Modern Methods; Therapeutic 
Objectives and Results; Handicraft, Educa- 
tion and Art. 

If the psychotic patient is not really 
langerous, all possible freedom should be 
llowed as he engages in work and play 
ctivities suited to his physical, intellectual 
nd emotional state. In psychoanalysis the 
asic thought is that the unconscious mind 


exerts a profound influence upon our behav- 
ior. In the psychologic approach, the worker 
deals “not with problem cases, but with 
persons with problems.” Psychologie tests 
are mostly objective and mostly standard- 
ized observation of the subject’s behavior. 
Occupational therapy includes handicraft, 
creative arts, recreation and education. Psy- 
chodramatics are important and interesting; 
among other advantages are the dressing up 
which causes the patient to feel important, 
emotional outlet is provided, identification 
and re-identification of the individual with 
other personages, old images and associations 
are recalled through creative and recreative 
productions. N. Y. 


PaTHOLOGY OF TrRopicaL DisEAsEs. By 
Cou. J. E. Asa and Sopste Sprrz, M.D. 
Pp. 350; 941 ills. Phila., Saunders, 1946. 
Price, $8.00. 

Tue morbid changes which characterize 
many of the so-called Tropical Diseases usu- 
ally are described briefly and often incom- 
pletely in textbooks of Tropical Medicine. 
Likewise textbooks of pathology usually give 
little attention to these diseases, if they do 
not omit consideration of them altogether. 
Thus this volume fills a great need. The 
following list of infections and other diseases 
will serve to indicate the contents of the 
books: (1) Virus diseases; (2) Rickettsial dis- 
vases; (3) Spirochetal diseases; (4) Dysen- 
teries; (5) Bacterial diseases; (6) Fungus 
infection; (7) Diseases caused by Protozoa 
of the blood and tissues; (8) Nematodes; (9) 
Trematodes; (10) Cestodes; (11) Diseases 
caused by environmental factors; and (12) 
Deficiency diseases. Each of the diseases 
is defined briefly, with short sections on 
epidemiology, clinical features and path- 
ology. A short list of references is given 
at the end of each section, followed by the 
plates illustrating the characteristic morbid 
changes. These include photographs of 
patients and of gross and microscopic speci- 
mens, each well chosen. It is difficult in so 
short a review to do justice to the excellence 
of the book. One may find an occasional 
error in a legend or wish for a somewhat 
more modern viewpoint in the presentation 
of pathologie physiology; but these faults 
shrink into insignificance when the whole is 
considered. It is difficult to see how the 
selection of material might have been bet- 
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tered. The authors have drawn the best 
from a great wealth of information and 


skilful 
They and their publisher deserve more than 


m. & 


presented it in a_ highly manner. 


congratulations. 


Group PsyCHOTHERAPY: THEORY AND PRaAc- 
rice. By J. W. Kuapman, M.D., Faculty, 
Northwestern University Medical School. 
Pp. 382. New York: Grune & Stratton, 
1946 
Group psychotherapy has enlisted new 

interest during recent Though, as 

the author points out, it is not entirely new, 


years. 


this is the first serious attempt to write a 
book encompassing the field and formalizing 
the Every in group 
psychotherapy starts with certain assump- 


technique. worker 


tions or premises, most of which are dis- 
cussed briefly, developing certain theories 
The 
text shows that the author has read exten- 
sively in the field and his references are well 
selected. Case examples handled by differ- 
ent group psychotherapy techniques are 
cited and are explained as demonstrations of 
favorable or These 


various techniques include the psychodrama, 


concerning the technique to be used. 


unfavorable reactions. 


reéducation, and group psychotherapy in 
private psychiatric practice, in the mental 
hospital, and with problem children. Meth- 
ods to be used in the organization of groups 
The book is easy to 
read and has a reasonable viewpoint about 
the uses of Psychotherapy. It should be 
read by every professional and lay person 
interested in the “Group,” as it is a definite 
step ahead in the development of literature 
on the subject. Li 2 


are also mentioned. 


AGNosIA, APRASIA, APHASIA. Their Value 
in Cerebral Localization. By J. M. NrgEt- 
sen, B.S., M.D., F.A.C.P., Assistant Clini- 
cal Professor of Medicine (Neurology), 
University of Southern California. 2nd ed. 
Pp. 286; 59 ills. New York: Hoeber, 1946. 
Price, $5.00. 

Tue first edition of Dr. Nielsen’s work, 
published 10 years ago, aroused considerable 
interest and also controversy; largely be- 
cause the conclusions that were tentatively 
advanced were at decided variance with the 
accepted, albeit admittedly muddled, con- 
cepts of aphasias. Since that time, Dr. 
Nielsen has continued an exhaustive study 


AND NOTICES 

of this field and has had access to a large 
amount of clinical material. In the present 
edition, he further elucidates the results of 
his work on speech disorders and cerebral 
Of particular interest is the 
material on the réle played by the minor 


localization. 


hemisphere and interhemispheric shifting of 
language functions. These important con- 
while not have received little 
attention in previous works on this subject. 


cepts, new, 

The author presents his material in 3 sec- 
tions: Part 1 an historical intro- 
duction and a general discussion of agnosia, 
Part 2 includes a 
chapter on methods of examination which 
will be of help to the clinician. The author 
points out the pitfalls in the usual methods 
of testing for the aphasias and describes a 
variety of tests useful in eliciting the differ- 
ent The bulk of this 
devoted to clinico-pathologic abstracts of 
136 important histories, verified by 
surgery or autopsy, which illustrate the con- 
clusions reached on the location and_ inter- 
Many of 
these are cases which were studied personally 
by the author. 


contains 


aphasia and apraxia. 


defects. section is 


Case 


relationship of language centers. 


He has also drawn heavily 
Part 3, 
which is entitled Appendix, might prefer- 
ably be read first. It contains brief, clear 
the cerebral areas involved 
and their significance in language and men- 
tation. A complete list of the terms used, 
with their definitions, is included 
this section. 


on Henschen’s detailed monograph. 


discussions of 


also in 
Dr. Nielsen’s proposed nomenclature does 
not introduce any marked changes, but does 
do much to clarify and standardize the ter- 
minology now in that is 
badly needed. 
This book is recommended to neurologists, 


use —something 


psychologists and anyone interested in prob- 


W.H. 


lems of cerebral localization. 


EXERCISES IN ELECTROCARDIOGRAPHIC IN- 
TERPRETATION. By Louts N. Karz, A.B., 
M.A., M.D., F.A.C.P., Director of Car- 
diovascular Research, Michael Reese Hos- 
pital, Chicago; Professorial Lecturer 1 
Physiology, University of Chicago. 2nd 
ed. Pp. 288; 141 ills. Phila.: Lea & 
Febiger, 1946. Price, $6.00. 

AccorDING to the author’s Preface, “The 
revision this book was undertaken 
order to continue to meet this need in term: 


of 
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of the new electrocardiographic knowledge 
and terminology incorporated in the revi- 
sion of the companion book on electrocardi- 
ography.” This edition preserves the for- 
mat of the first, with description, interpreta- 
tion and clinical correlation adjacent to the 
full page reproduction of the electrocardio- 
gram in each instance. W. J. 


CiinicaL Lanoratory DraGnosts. By 
SAMUEL A. Levinson, M.S., M.D., Px.D., 
Director of Laboratories, Research and 
Educational Hospital, Chicago; Professor 
of Pathology, University of Illinois College 
of Medicine; and Ropert F. MacFarte, 
Cu.E., M.S., Pu.D., Assistant Director of 
Laboratories, Research and Educational 
Hospitals; Assistant Professor of Pathol- 
ogy, University of Illinois College of 
Medicine. 3rd ed. Pp. 971; 192 engrav- 
ings and 15 plates. Phila.: Lea & Febiger, 
1946. Price, $10.00. 

Turis manual covers a rather wider range 
of subject matter than do most of such 
manuals and describes at least 1 procedure 
for each purpose in great detail, step by step. 
The Reviewer has had no opportunity to 
test the freedom from typographic errors 
in these detailed quantitative descriptions, 
formulas, graphs and tables; but the success 


of 2 previous editions invites confidence. 


Procedures applicable in the field of legal 
medicine and toxicology, procedures and 
values appropriate in pediatric practice, a 
chapter on laboratory study of so-called 
tropical diseases, a chapter on skin tests, 


and 1 on milk and water analysis are in- 
cluded. Especially if the specialized mono- 
graphs in different fields are not available, 
will this manual be a useful guide and source 
of information. 

There are many well-chosen illustrations. 
The field covered, however, is so wide that 
even this generous allowance cannot, of 
course, compete with the illustrative material 
available in a library of special monographs 
covering various fields. Theoretical consid- 
erations are severely condensed and are 
presented in a number of instances in sche- 
matic form. The amount of technique and 
information condensed here in a single 
volume is noteworthy. J. A. 


NEW BOOKS 


Merrilleana. A Selection From the General 
Writings of ELmer Drew MERRILL, Sc.D., 
LL.D., Arnold Professor of Botany, Har- 
vard University; former Director, Bureau 
of Science, Manila; Dean, College of 
Agriculture, University of California; 
Director, New York Botanical Garden; 
Administrator of Botanical Collections, 
Harvard University, and Director, Arnold 
Arboretum. Chronica Botanica, Vol. 10, 
No. 3/4. Pp. 393; 24 ills. Waltham, 
Mass.: The Chronica Botanica Co., 1946. 
Price, $4.00. 

THOUGH only indirectly connected with Medi- 
cal Science, this volume contains interesting 


matter of general biologic interest, written by 
‘‘the American Linnaeus.” 








NOTICE AND INSTRUCTIONS TO CONTRIBUTORS 


Manuscripts intended for publication in THE AMERICAN JOURNAL OF THE MEpiIcAL SciENcEs, and 
‘orrespondence, should be sent to the Editor, Dr. Eowarp B. Krumpuaar, School of Medicine, Uni- 
ersity of Pennsylvania, Philadelphia 4, Pa. Articles are accepted for publication in THe AMERICAN 


JOURNAL OF THE MEDICAL SCIENCES exclusively, except in the case of subsequent publication in Society 
roceedings. 


Manuscripts should be typewritten on one side of the paper only, and should be double spaced 
vith liberal margins. The author's chief position and, when possible, the Department from which 
1e work is produced should be indicated in the subtitle. ILLUSTRATIONS accompanying articles should 
e numbered and have typed captions bearing corresponding numbers. For identification they should 
lso have the author’s name written on the margin or back. The recommendations of the American 
Medical Association Style Book should be followed. RerrereNces should be numbered and at the 
nd of the articles, arranged alphabetically according to the name of the first author and should be 
ymplete, that is, author’s name, journal, volume, page and year (in Arabic numbers). 


Return PostaGE should accompany all manuscripts but will be returned to the author if the manu- 
script is accepted. 


Until the paper stringency is over 150 Reprints will be supplied gratis. Covers will be omitted on 
ll articles. In ordering additional reprints, we will supply in multiples of 150. 
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Saturation Is 
No Problem Here 











A stable, aqueous 
(1.21°,) solution 
of resublimed 
iodine, largely in 
organic form. 
Contains no glyc- 
erin or alcohol. 
Available on pre- 
scription in 2-0z. 
bottles through 
all pharmacies. 


A mend J 


OLUTION 


‘OR TEAL aceunNNteAT ON 








N many conditions where prolonged intensive 
iodine therapy is indicated, such as chronic 
respiratory affections and hypertensive cardiovas- 
cular disease, immediate discontinuation of therapy 
is not infrequently necessitated by the advent of 
iodism or iodine intoxication. When Amend’s 
Solution is employed as the source of iodine, this 
clinical accident is made virtually impossible. Ade- 
quate dosage may be given for the full iodine satu- 
ration required, for as long a period as necessary. 
The greater tolerability of Amend’s Solution is due 
to its iodine being linked to a protein, leading to 
sustained blood levels in contrast to stormy fluctu- 
ations characteristic of other iodine preparations. 
Amend’s Solution is equally valuable in thyrotoxi- 
cosis (pre- and post-operatively), arteriosclerosis, 


visceral syphilis, and fungus infestations. 


155 East 44th Street, New York 17, N. Y. 
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IT DOES HAPPEN HERE 
Severe rickets still occurs —even in sunny climates 


Vitamin D has become such an accepted practice in infant feeding that it is easy to 
think that rickets has been eradicated. However, even deforming rickets is still 
seen, as witness the above three contemporary cases from three different sections of 
the United States, two of them having well above the average annual sunshine 
hours for the country. In no case had any antiricketic been given during the first 
two years of life. It is apparent that sunlight did not prevent rickets. In other cases of 
rickets, cod liver oil was given inadequately (drop dosage) and even this was con- 
tinued only during the winter months. 


To combat rickets simply, inexpensively, effectively — 


OLEUM PERCOMORPHUM 


This highly potent source of natural vitamins A and D, if administered regularly 
from the-4irst weeks of life, will not only prevent such visible stigmata of rickets as 
pictured above, but also many other less apparent skeletal defects that might inter- 
fere with good health. What parent would not gladly pay for this protection! And 
yet the average prophylactic dose of Oleum Percomorphum costs less than one 
cent a day. Moreover, since the dosage of this product is measured in drops, it is 
easy to administer Oleum Percomorphum and babies take it willingly. Thus there is 
assurance that vitamin D will be administered regularly. 


EXIGENCY OF WAR 


Oleum Percomorphum 50% is now known as Oleum Percomorphum With 
Other Fish Liver Oils and Viosterol. A source of vitamins A and D in which 
not more than 50% of the vitamin D is derived from Viosterol. The po- 
tency remains the same; namely, 60,000 vitamin A units and 8,500 vita- 
min D units per gram. 


MEAD JOHNSON & COMPANY, Evansville 21, Indiana, U.S.A. 
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